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ABSTRACT 
 Current forensic DNA analysis utilizes capillary electrophoresis (CE) to separate 
short tandem repeat (STR) fragments based on their length.  Next generation sequencing 
(NGS) is the next evolution of forensic DNA profiling, and though dedicated forensics 
protocols are still fairly new, it is only a matter of time before NGS becomes the new 
standard for forensic DNA profiling.  
Stutter has been a problem ever since forensic STR testing was first implemented.  
The slipped strand mispairing model is the proposed mechanism for how stutter occurs, 
and it appears to be an intrinsic part of the polymerase chain reaction (PCR).   
Samples that were run via the ForenSeq™ DNA Signature Prep Kit were 
amplified using the DNA Primer Mix A (DPMA) and then sequenced on a MiSeq FGx™ 
Forensics Genomics System.  Samples were also amplified using the GlobalFiler™ PCR 
Amplification kit and fragment separation was done via capillary electrophoresis.  Stutter 
ratios were calculated by dividing the read count /relative fluorescence unit of the stutter 
allele by the read count / relative fluorescence unit of the parent allele.  Stutter ratio 
comparisons were made between the ForenSeq™ and GlobalFiler™ kits as well as 
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between the parents and the children in the family pedigree, though only samples tested 
using the ForenSeq™ kit were used.   
Comparison of overall stutter ratios revealed that the ForenSeq™ kit produced 
higher stutter across all STR loci, except for D13S317 and D2S441, when compared to 
the GlobalFiler™ kit.  The different chemistries between the two kits, potential usage of 
different polymerases, and the fact that the ForenSeq™ kit requires two rounds of 
amplification can serve as likely explanations for this difference.  There was also quite a 
bit of variability observed for the stutter ratios between loci in the samples run using the 
ForenSeq™ kit.  Possible explanations for this could be that the cluster generation step 
could produce more clusters for some stutter products over others.  Comparison of the 
stutter ratios for the pedigree obtained from the Coriell Institute revealed no differences 
between the parents and the respective alleles inherited by the children when tested with 
the ForenSeq™ kit.  Some loci showed a difference between the parent and children, but 
that could simply be due to the sample size.   
The utilization of NGS for STR testing can result in two alleles of the same length 
but different sequences, called isoalleles.  Analysis of isoalleles present at D21S11 in the 
children samples from the Coriell Institute pedigree showed that the isoalleles had 
different mean stutter ratios.  The results open the possibility of potentially utilizing 
sequence-specific stutter filters in the ForenSeq™ Universal Analysis Software.  The 
model of the longest uninterrupted stretch (LUS) has been around for some time, though 
recently the block length of missing motif (BLMM) has been proposed as a better 
vii 
predictor for stutter ratios.  The results of stutter ratio analysis at D21S11 show that as the 
length of the BLMM increases, so too does the stutter ratio.   
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1. INTRODUCTION 
1.1 Forensic DNA Analysis 
The utilization of forensic deoxyribonucleic acid (DNA) analysis has been a game 
changer for the field of criminal justice, from increasing the weight of conclusions to 
overturning wrongful convictions [1].  Though initial testing involved analysis of 
restriction fragment length polymorphism (RFLP), and current testing utilizes short tandem 
repeats (STRs) for analysis, forensic DNA typing is slowly, but surely, adopting next 
generation sequencing (NGS) of STRs as an alternative method for sample processing. 
The workflow for the standard forensic DNA profiling method is as follows: DNA 
extraction occurs by lysing the cells [2].  Next, the concentration of the DNA is determined 
via real-time polymerase chain reaction (rt-PCR).  The DNA is amplified via a multi-plex 
polymerase chain reaction (PCR) process which targets forensically relevant DNA 
markers.  The amplified regions go through a size separation via capillary electrophoresis 
(CE) and the data is analyzed via software such as GeneMapper® IDx [3].   
After many advancements, next generation sequencing (NGS), also known as 
massively parallel sequencing (MPS), is the next step in the technological evolution in 
forensic DNA profiling.   
1.2 DNA Structure, Function, and Inheritance 
The double stranded helical structure of DNA has been known for decades, with 
other studies elucidating its negative charge and strand complementarity [4].  There are 
four nucleotides that form pairs with one another, adenine with thymine and guanine with 
cytosine [4].  The combination of these base pairs across the entire length of DNA serves 
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as a blueprint for the development of an organism.  Due to its immense length, DNA needs 
to be tightly packaged to fit within even the smallest cells found in a living organism.  
Packaging of DNA in humans is achieved by tightly wrapping the DNA around multiple 
histone cores, and the ultimate product of this packaging is the formation of 23 pairs of 
chromosomes, for a total of 46 chromosomes, all stored within the nucleus of the cell [5].  
A person inherits half of their DNA from their mother and the other half from their father, 
one copy of each chromosome per parent, and this pattern of inheritance plays an important 
role when conducting forensic DNA profiling. 
1.3 Current Forensic DNA Profiling: Short Tandem Repeats and Capillary 
Electrophoresis 
As previously mentioned, current forensic DNA profiling targets regions of the 
DNA known as STRs.  These loci are lengths of DNA that are comprised of repeating 
sequences of nucleotides and can vary in the number of repeats, size of the repeating 
pattern, and sequence of repeating patterns.  Standard forensic testing utilizes CE to make 
use of the variability in the number of repeats at a specific STR and separate fragments 
based on their length [3].  Various amplification kits such as GlobalFiler™ PCR 
Amplification kit are available for purchase by agencies seeking to conduct forensic DNA 
testing.  These kits vary in chemistry but they all must target the Combined DNA Index 
System (CODIS) core loci that are selected by the Federal Bureau of Investigation (FBI) 
[6].   
 The workflow for current testing is a somewhat lengthy process, with most of the 
variability coming from the chosen extraction method, amount of samples to be run during 
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CE, and other decisions making steps in the process.  Various extraction methods can be 
used, such as a Chelex® extraction, which is a very quick protocol, or QIAmp® silica spin 
columns.  Samples collected from a sexual assault require a differential extraction, which 
currently takes approximately 8 hours [7–9].  Quantitation can be conducted using the 
Quantifiler™ Duo DNA Quantification kit and takes approximately 2 hours, though most 
labs have begun utilizing the Quantifiler™ Trio DNA quantification kit [10].  The next 
step in standard forensic DNA profiling involves a multi-plex amplification conducted 
using kits such as GlobalFiler™ PCR Amplification.  Without accounting for time it takes 
to set up a reaction plate, the amplification step takes approximately 1.5 hours.  As 
previously stated, the various amplification kits have different chemistries, and one of the 
benefits of the GlobalFiler™ chemistry is that it allows a sample volume input of up to 
15µl, giving an analyst greater flexibility when using casework samples, which typically 
contain low amounts of DNA [11].  Once amplification is complete, the various STR 
fragments are separated by length via CE.  Due to the various genetic analyzers that are 
available for purchase, this step can account for most of the variability in the time it takes 
to go through all the steps in forensic DNA profiling.  The ABI 3130 Genetic Analyzer 
(Applied Biosystems, Foster City CA) contains four capillaries that allow for four samples 
to be separated at the same time, so for every injection, four samples go through the 
capillaries.  Each injection can take approximately 40 minutes, so every four samples 
increases the time it takes to complete this step [12].  So under ideal circumstances, current 
forensic DNA profiling can take approximately 7+ hours from extraction to profile 
generation, as is summarized in Figure 1. 
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Figure 1.  Depicted is the workflow for STR profiling run on the standard CE technology.  Steps 
in blue indicate work conducted before amplification while the step in green indicates work 
conducted after amplification.  Times shown are approximations of hands-on work and run cycles.  
Times are based on reference materials for Quantifiler™ Duo DNA Quantification kit, 
GlobalFiler™ PCR Amplification kit, ABI 3130 Genetic Analyzer and various extraction methods.   
 
 The final step in forensic DNA profiling is analysis of the electropherograms 
(EPGs) that are produced as a result of fragment separation. An EPG is composed of peaks 
at various STR loci, which can differ slightly depending on the amplification kit that is 
used, though all kits target the core CODIS loci.  Analysis of the peaks in an EPG reveals 
the presence of stutter, a common artefact of STR amplification. 
1.4 Stutter 
 During the early stages of forensic STR profiling when acrylamide gels were used 
for size separation, a common result, in addition to major bands, was the manifestation of 
“shadow bands”.  These bands were typically 1 repeat unit shorter than the major bands 
and have now become what is known as stutter [13,14].  The proposed mechanism to 
explain how stutter occurs is called slipped strand mispairing [15,16].  During primer 
extension in amplification, the extending strand can partially separate from the template 
strand. This may occur due to the polymerase falling off the strand during amplification 
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possibly due to its processivity [17,18].  Before the strands re-anneal, a repeat unit can loop 
out from the template strand and once the two strands re-anneal, they are off by one repeat 
unit resulting in the extending strand being able to be extended by one fewer repeat than 
the template.  Since the introduction of CE for fragment separation, stutter no longer 
appears as a shadow band, but as a peak in an EPG that is one repeat shorter than a true 
allele peak, and less often 1 repeat longer or 2 repeats shorter. 
 As described by slipped strand mispairing, stutter seems to be an inherent part of 
STR amplification, therefore studies have been conducted to determine and characterize 
the rate of stuttering for different loci, alleles, and conditions [17–20].    These studies have 
determined that the more repeats that are present in an STR, and the longer an uninterrupted 
stretch becomes, the higher the rate of stuttering.  Since the rate of stuttering has been 
shown to be altered when using polymerases with different processivities, the fact that 
longer alleles have a higher probability of stuttering further supports slipped strand 
mispairing as the mechanism for stutter [18,21].  In addition, it is possible that stutter peaks 
appear like true alleles in mixture samples with many contributors or when the contributors 
are present in different ratios [22].   A stutter ratio can be used to characterize the rate of 
stuttering, and is defined as: 
𝑆𝑟 =  
𝑥𝑎
𝑥𝐴
 
where xa is the RFU or read count of a stutter allele, and xA is the RFU or read count of the 
parent allele.  In current forensic DNA profiling, the longer the STR allele, the higher the 
stutter ratio, though this can only take into account simple STRs since fragments are 
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identified based on allele length, and cannot fully characterize stutter ratios in compound 
and complex STRs when the overall length is the same.    
1.5 Stutter in Next Generation Sequencing 
 The use of NGS technology introduces the ability to more accurately describe 
stutter ratios in compound and complex STRs.  Concepts such as the longest uninterrupted 
stretch (LUS) and block length of missing motif (BLMM) have been proposed to better 
characterize and model stutter ratios by using the additional sequencing data that is 
obtained via NGS. 
1.5.1 Longest Uninterrupted Stretch 
 The LUS model states that as an uninterrupted stretch of a repeat motif gets longer, 
the probability of a stutter event occurring in that stretch increases [17–19].  For STRs with 
simple repeats, the LUS is simply the allele length, whereas STR loci that are composed of 
compound and complex repeats, the LUS is the longest chain of a specific repeat motifs of 
the allele. As shown in Figure 2, the simple STR [GTTG]16 can only produce the stutter 
[GTTG]15, therefore the LUS would be 16, the same as the allele length. The STR 
[ATCG]4[GTTG]12 can have a stutter event occur in either repeat motif, resulting in two 
kinds of stutter alleles, [ATCG]3[GTTG]12 and [ATCG]4[GTTG]11. Since the two stutter 
types have the same length, current forensic DNA profiling utilizing CE for fragment 
separation is not able to distinguish between the two.  Based on the LUS model, it is 
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expected that the probability of stutter occurring in the [GTTG]12 stretch is higher than the 
probability of that occurring in the [ATCG]4 stretch.   
Figure 2.  Depicted is the LUS model when applied to STRs with simple or complex repeats. In a 
simple repeat STR, the LUS is simply the allele length, whereas complex STRs can have multiple 
repeat motifs, therefore the LUS would be the longest stretch of a motif before the motif changes.   
 
1.5.2 Block Length of Missing Motif 
 Though the LUS is a better predictor for stutter ratios than simply allele length, it 
does not fully utilize the sequence data that is obtained via NGS, thus the BLMM was 
proposed as a different way to model stutter ratios [23].  The concept of the BLMM utilizes 
the sequencing data to determine which motif is actually missing in the stutter sequence.  
Once the motif is identified, all that is left to do is to determine which block the stutter 
originated from.  As described in Vilsen et al, a block is an uninterrupted stretch of a single 
motif that is not fully contained within another block [23].  Figure 3 shows an allele with 
the blocks that can be identified.  Blocks 1 and 2 can be identified by considering the start 
of a block to be the A in position 1 of the allele. This gives the blocks [ATCG]6 and 
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[ATTG]4. Block 3 is identified by considering the T in position 2 the start of the motif, 
which gives the block [TCGA]6. When considering the allele in this way, [TTGA]3 is not 
determined to be a block because it is completely included in the block [ATTG]4.  The final 
block, [CGAT]6, would be identified when considering the C at position 3 of the allele. 
The stretch of [TGAT]3 is once again not a block because it resides completely within 
[ATTG]4.  A block would not be identified when the G at position 4 as the start of the 
motif, since [GATC]5 would be fully contained in [ATCG]6 and [CGAT]6.  If the missing 
motifs in a stutter were [TTGA], [TGAT], or [GATC] they would not be identified based 
on these motifs, but the motif of the blocks that they reside within.   
 
Figure 3.  Depicted is the concept of the BLMM and how to identify different blocks in an allele.  
If a stretch of a motif resides completely within another block, then it is not considered its own 
block.  As shown, the longest block of an allele would be similar to the LUS model. 
 
1.5.3 Isoalleles 
 The use of next generation sequencing introduces the ability to distinguish between 
fragments of the same length but different repeat sequences.  A locus that appears to be 
homozygous for an allele when analyzed via CE for fragment separation, can turn out to 
be heterozygous when analyzed via NGS. When this situation occurs, the locus is deemed 
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to contain isoalleles.  Since each of the isoalleles has a different sequence, it is possible to 
obtain two stutter peaks of the same length but different sequences as well.  Depending on 
the sequences, the stutter ratios could vary greatly, especially if the sequences differ in 
lengths of uninterrupted stretches [17,18]. 
1.6 ForenSeq™ DNA Signature Prep kit 
 The ForenSeq™ DNA Signature Prep kit (Verogen Inc., San Diego CA) is a 
validated kit that utilizes the Illumina platforms for sequencing of forensic DNA samples 
[24–28].  The workflow for the kit starts off similarly to the workflow for standard forensic 
DNA profiling using CE for fragment separation.  The validation study conducted by Jäger 
et al. demonstrated that various sample collection methods had little effect on the 
completeness of the profiles obtained [24].  Extractions methods and quantitation methods 
that are currently used in standard DNA analysis can be used with the ForenSeq™ Kit 
without any modifications [24,29].  The recommended guidelines for DNA input is 1 ng, 
therefore samples may need to be diluted or concentrated for proper volume input [30]. 
 The next steps in the ForenSeq™ protocol are unique to the use of NGS.  First 
samples need to be amplified and tagged via PCR, referred to as PCR1.  The kit contains 
two sets of primer mixes, DNA Primer Mix A (DPMA) and DNA Primer Mix B (DPMB).  
The DPMA targets 27 autosomal STRs, 24 Y STRs, 7 X STRs, amelogenin, and 94 identity 
informative single nucleotide polymorphisms (SNP).  The DPMB targets all the loci from 
DPMA in addition to 54 ancestry informative SNPs, 22 phenotype informative SNPs, and 
2 other SNPs that are informative for both phenotype and ancestry [30]. 
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 During PCR1, the primers contain forward or reverse tags that will be used during 
the sequencing steps. So after the initial round of amplification, the amplicons will be 
composed of the target loci and forward and reverse tags [30].  It should be noted that 
stutter products can originate in this step since a PCR is being used to amplify the various 
STR loci.  Following the Verogen recommended guidelines results in this step being 
approximately 3.5 hours long [30].  Once the target loci have been amplified and tagged, 
the next step is target enrichment.   
 Target enrichment, PCR2, involves the addition of i5 and i7 adapters to the tagged 
amplicons.  The adapters contain three segments: complimentary sequences to the primers 
used in PCR1, the index sequences, and finally the adapter sequences [30].  The index 
sequences are used to give each sample a unique combination of i5 and i7 indexes to allow 
the ForenSeq™ Universal Analysis Software (UAS) to determine which reads belong to 
which samples [30,31].  The various combinations of these indexes allow for up to 96 
samples to be sequenced per run.  The final segment of the adapters is the adapter sequence, 
and they are how the libraries bind to the flow cell during the cluster generation step.  Based 
on the protocol recommended by Verogen, target enrichment takes approximately 1.5 
hours to complete [30].  Figure 4 shows the final product, called a library, of both PCR1 
and PCR2. 
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Figure 4.  After both amplification and enrichment, the target amplicons are tagged with forward 
and reverse tags, an i5 adapter on the forward side, and an i7 adapter on the reverse side.  Each 
sample receives a different combination of i5 and i7 indexes which allows the UAS to be able to 
determine which reads belong to which samples.   
 
 Importantly, it should be noted once again that since target enrichment also 
undergoes a PCR process, stutter events can occur in this step in addition to PCR1.  After 
target enrichment, the libraries are fully tagged and need to go through a purification and 
normalization process before being pooled and added to the MiSeq FGx™ instrument.   
The purification process in the ForenSeq™ kit utilizes beads to bind DNA in the 
libraries and then wash away any reagents or unwanted compounds from the previous 
steps.  This process takes approximately 30 minutes [30].  Library normalization is used to 
bring down and equalize the DNA concentrations of all libraries.  Verogen recommends 
using a bead normalization.  The beads can bind a fixed amount of DNA and anything over 
that amount is washed away.  Studies have shown that samples that are able to have an 
input of 1 ng of DNA yield acceptable results, whereas samples that have low amounts of 
DNA or are old and possibly degraded, which are conditions typically seen in evidence 
samples, result in lower reads and coverage [27,32,33].  Another method of library 
normalization is by utilizing qPCR to determine the concentrations of the libraries and then 
creating dilutions to achieve the desired concentrations, and it has been shown to yield 
better results overall than bead normalization [34].  Utilizing the bead normalization 
method recommended by Verogen adds slightly under 1.5 hours to protocol workflow [30]. 
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 Once the libraries have been normalized, they need to be pooled, denatured, and 
diluted before input into the MiSeq FGx™ instrument.  For pooling, it is recommended to 
add 5 µl of each library, though it has been shown that adding a larger volume can improve 
quality metrics and read counts [34].  These final steps take approximately 20 minutes and 
once they are done, the samples can finally be loaded into the reagent cartridge and placed 
in the MiSeq FGx™ to be sequenced [30,35]. 
 The final step in running the ForenSeq™ DNA Signature Prep Kit is sequencing.  
This step is further divided into two stages, cluster generation and sequencing.  Cluster 
generation occurs via bridge amplification and sequencing occurs via a process known as 
Sequencing-by-Synthesis [36,37].  Overall this process can take approximately 23-25 
hours to complete.  As is shown in Figure 5, when utilizing the ForenSeq™ Kit 
recommended guidelines, it can take 33-43 hours to go from extraction to profile 
generation, much longer than the amount of time it takes for standard forensic DNA 
profiling methods. 
13 
 
Figure 5.  Depicted is the workflow for the ForenSeq™ DNA Signature Prep Kit.  Steps in blue 
indicate work conducted before amplification, steps in green indicate work conducted after 
amplification.  The step in yellow indicates the sequencing process that occurs in the MiSeq FGx™ 
instrument.  Times shown are approximations of hands-on work and run cycles.  Times are based 
on reference materials for Quantifiler™ Duo DNA Quantification Kit and ForenSeq™ DNA 
Signature Prep Kit and various extraction methods.   
 
 Once sequencing has been completed, the data is sent to the UAS where the profiles 
are generated.  There are four main quality metrics that help determine the quality of the 
data.  The first is the cluster density, which is simply the average number of cluster per 
mm2 on the flow cell.  The next metric is the cluster passing filter, and this shows the 
percentage of clusters that are of good enough quality to be included as part of the final 
data.  The other metrics are phasing, the percentage of reads that are behind one cycle, and 
14 
pre-phasing, the percentage of reads that are ahead one cycle.  All of the metrics have 
optimal ranges where they should fall for the best data quality [31].   
1.7 Objective and Hypothesis 
 Stutter is a common problem with current STR typing that maybe be simplified 
using NGS platforms.  When looking at the family samples, theoretically the stutter ratio 
per locus for the maternal and paternal alleles in the children should be similar to the stutter 
ratio per locus in the mother and father, respectively.  The use of NGS introduces the 
potential of a homozygous allele by length to be split into two isoalleles based on the 
sequence.  Depending on the sequence differences and where the stutter occurs, there could 
be a difference in the stutter ratio of the individual isoalleles when looking at the stutter 
ratio when just considering the length of the allele.   
 A previous study has shown that identifying the block and motif that the stutter 
originated from can be a more robust method of looking at stutter using NGS, therefore, it 
would be beneficial to utilize this alternative method to look at isoalleles and some loci 
across a family pedigree. 
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2. MATERIALS AND METHODS 
2.1 Samples Acquisition and Preparation 
A family pedigree containing 19 samples was purchased from the Coriell Institute 
for Medical Research (Camden, New Jersey).  The pedigree consists of two grandmothers, 
mother, father, 11 sons, and four daughters, as can be seen in Figure 6.  The samples were 
pre-extracted from and quantified, though they were quantified again using the 
Quantifiler™ Duo kit (Applied Biosystems, Foster City CA), in a 7500 Real-Time PCR 
instrument (Applied Biosystems, Foster City CA) according to the manufacturer’s 
specifications, and DNA concentrations were determined by using a previously calibrated 
standard curve [38].  After quantitation, all samples were normalized down to 0.2 ng/µl.   
 
Figure 6.  Family pedigree obtained from the Coriell Institute for Medical Research. The numbers in the 
squares or circles indicate the sample number associated with that person.  Samples arrived pre-extracted 
from blood samples obtained from the individuals. 
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2.2 Capillary Electrophoresis Analysis 
 After extraction and quantitation, samples were amplified by using the 
GlobalFiler™ PCR Amplification kit (Applied Biosystems, Foster City CA), with 0.75 ng 
input DNA , samples 1032 and 10833, the father and mother, were amplified in quintuplets.  
Amplification was conducted using a GeneAmp® PCR System 9700 thermal cycler 
(Applied Biosystems, Foster City CA).  Capillary electrophoresis was conducted using an 
ABI 3130 Genetic Analyzer instrument (Applied Biosystems, Foster City CA).  
Electropherograms were analyzed using GeneMapper® ID-X Version 1.4 (Applied 
Biosystems, Foster City CA). 
 On GeneMapper® ID-X, the analytical threshold was set to 30 RFU and the stutter 
filter was set to 0%.  A stutter peak was defined as a peak that was in n-1 position of a true 
peak, above 30 RFU, and determined to not have occurred due to pull-up, or spikes.  True 
allele peaks and stutter n-1 stutter peaks were left on, and peaks that were off-ladder or 
determined to be other artifacts were shut off.  After analysis, the EPGs were exported to 
JMP for further analysis of stutter ratios. 
2.3 Library Preparation, Sequencing Runs, and Data Analysis 
The micro flow cell supports up to 36 single source samples or 12 forensic case 
samples, therefore mixture samples and single source samples were sequenced on separate 
runs in order to maximize the number of samples that could be sequenced.  The samples 
that were sequenced per run are listed in Table 1.   
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Table 1.  Samples organized by sequencing run.  Run 1 contained 4 samples that evaporated during PCR 
1: 12110, 12111, 10832, 10833.  These samples were run again in Run 4.  The quality metrics for Run 3 
were slightly off the optimal range, so Run 5 was simply a re-run of the libraries prepared for Run 3 with 
the exception that 10µl of the pooled libraries was used, instead of the 7µl that is recommended.  For 
Run 4, libraries for 434 and 438 were prepared separately and LNS2 had not been added to them before 
pooling with the other samples in the run, which lead to higher read counts for those two samples though 
the other samples did not appear to be affected.   
 Run 1 Run 2 Run 3 Run 4 Run 5 
Samples 
Coriell Children 
samples: 
12101-12115 
1:1 Mixture 
(x4) 
1:1 Mixture 
(x4) 
12110 
1:1 Mixture 
(x4) 
Corill Mother 
sample: 10833 
1:4 Mixture 
(x4) 
1:4 Mixture 
(x4) 
12111 
1:4 Mixture 
(x4) 
Coriell Father 
sample: 10832 
1:9 Mixture 
(x4) 
1:9 Mixture 
(x4) 
10832 (x5) 
1:9 Mixture 
(x4) 
Coriell 
Grandmothers 
samples: 12116, 
12117 
Positive Control Positive Control 10833 (x5) Positive Control 
Positive Control 
Negative 
Control 
Negative 
Control 
Contributors of 
Mixture 
samples: 434 
and 438 
Negative 
Control 
Negative 
Control 
  
Researcher 
Reference 
samples: 431, 
432, 433 
 
   Positive Control  
   
Negative 
Control 
 
 
 Libraries were prepared following the protocol in the ForenSeq™ DNA Signature 
Prep Reference Guide (Verogen® Inc., San Diego CA) [30].  All libraries were prepared 
using Primer Set A.  Some modifications were made in Runs 4 and 5. During Run 4, the 
libraries for samples 434 and 438 were prepared separately from the other libraries and the 
library normalization storage buffer 2 (LNS2) had not been added to the normalized 
libraries before pooling with the other libraries.  Run 5 was a re-run of the same normalized 
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libraries initially prepared for Run 3, the only modification was that 10µl of the pooled 
libraries was used instead of the 7µl in Verogens protocol.   
 Sequenced profiles were analyzed in the Universal Analysis Software 
(UAS)(Verogen®, San Diego CA).  The initial analysis method used followed the 
parameters set by Verogen, though a new analysis method was created with the analytical 
threshold and stutter filter set to 0.  True allele peaks and n-1 stutter peaks were left on, 
and any other peaks were shut off. After initial profile analysis, data was exported to JMP 
for further analysis of stutter ratios. 
Since ForenSeq™ targets many loci that are not present in GlobalFiler™, only loci 
targeted by both ForenSeq™ DNA Signature Prep kit and GlobalFiler™ PCR 
Amplification kit were considered for stutter ratio comparisons. 
2.4 Analysis of Isoalleles and Block Length of Missing Motif for locus D21S11 
Upon initial analysis of the data, it was observed that the parents of the Coriell 
pedigree each had a 30 allele with some differences in the repeat sequence for the D21S11 
locus, raising the potential for isoalleles to be observed in the children.  The stutter ratios 
for the isoalleles were compared with each other, as well as when it is considered a single 
allele.  
Locus D21S11 was also chosen for analysis utilizing the block length of missing 
motif (BLMM) that was previously discussed and further described in Vilsen et al [23].  
To identify the BLMM, the stutter sequence and parent sequence were aligned and 
compared until there was a sequence difference.  If no sequence difference was present, 
the stutter was assumed to have come from the final motif.  If a sequence difference was 
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found, the stutter allele would be extended until the rest of its sequence once again matched 
up with its parent allele, this would determine the motif that was missing.  The BLMM 
would simply be the length of the block that the missing motif originated from.  As 
described in Vilsen et al.  a block is defined as a sequence of repeats of a single motif that 
is not contained within another block [23].  As shown in Figure 3, the motif GATC does 
comprise a block since all of the GATC repeats are contained in Block 1.  Once the blocks 
were identified, the sequences were analyzed to determine from which block the stutter 
originated. 
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3. RESULTS AND DISCUSSION 
 The quality metrics for Runs 1, 2, 4, 5 all fell within the optimal range suggested 
by Verogen and Illumina.  The cluster density for Run 3 was 457 k/mm2, which is right at 
the lower end of the optimal range.  The phasing metric for Run 3 was above the optimal 
range at 0.266%.  There are many external factors that can create problems during the 
sequencing process.  Some of these factors include air temperature variations, whether 
the bench the MiSeq FGx™ was on vibrated, bumping into the instrument, and even 
whether the door is shut too forcefully.  Run 5 was simply a re-run of the libraries 
prepared for Run 3, except 10 µl of pooled samples was used instead of the 
recommended 7 µl.  As expected, the cluster density was much higher at 1089 k/mm2. 
Phasing for Run 5 was brought back down to the optimal range, though this is not 
necessarily due to the change in volume of libraries added, but probably to the external 
factors listed above. The quality metrics for all runs are further listed in Table 2.   
Table 2.  The quality metrics of each sequencing run.  The metrics for runs 1, 2, 4, and 5 all 
fell within the optimal range.  For Run 3, the cluster density was just within the lower end of 
the optimal range, but phasing percentage was above the optimal range.  Run 5 used the same 
pooled libraries from Run 3, the only difference was the addition of 10 µl the pooled libraries 
for Run 5 instead of the recommended 7 µl in Run 3.   
 Run 1 Run 2 Run 3 Run 4 Run 5 
Cluster 
Density 
(k/mm2) 
715 1026 457 810 1089 
Cluster 
Passing 
Filter 
92.62% 93.16% 97.61% 95.44% 91.62% 
Phasing 0.191% 0.172% 0.266% 0.164% 0.184% 
Pre-
phasing 
0.048% 0.064% - 0.035% 0.036% 
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 The loci TPOX and TH01 did not have any n-1 stutter peaks for any of the 
samples run with the GlobalFiler™ Amplification PCR kit, so the NGS data is not 
displayed since there are no comparisons that can be made.   
3.1 Comparison of Stutter Ratios 
 Figure 7 shows the stutter ratios of all samples run using the ForenSeq™ DNA 
Signature Prep kit.  The chart was used as a preliminary screen to identify loci and 
comparisons of interest. 
Figure 7.  Graph depicting the raw stutter ratios per locus for all samples run using the 
ForenSeq™ DNA Signature Prep kit.   
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 As can be seen in Figure 8, the mean stutter ratio per locus differs between 
samples run using the ForenSeq™ DNA Signature Prep kit and samples run on the 
GlobalFiler™ PCR Amplification kit.   The difference in stutter ratios across all loci 
between the kits is to be expected due to the usage of different polymerases and 
chemistries.  Various factors can affect how a polymerase behaves, though processivity 
seems to greatly affect stutter ratios, and the results presented in this work are consistent 
with previous studies comparing the effect on stutter ratio when using different 
polymerases [18].  
Figure 8.  Graph depicting the mean stutter ratio per locus for all samples run on the ForenSeq™ 
DNA Signature Prep kit, labeled NGS, or the GlobalFiler™ Amplification PCR kit, labeled as 
CE.  The standard deviations and 95%CI are listed in Table 3. 
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Analysis of the mean stutter ratio per locus for all samples shows that stutter 
ratios are generally larger when using the ForenSeq™ DNA Signature Prep Kit, with loci 
D12S391 and FGA having the largest mean stutter ratios at 0.182551(0.1631-0.2019) and 
0.187243 (0.1736-0.2007) respectively.  The stutter ratio for these loci for samples run 
using the Globalfiler™ PCR Amplification kit is 0.078517(0.0701-0.0869) for D12S391 
and 0.074835(0.1736-0.2007) for FGA.  Figure 8 displays the mean stutter ratio per locus 
for all samples.  Verogen recommends a stutter filter of 33% for locus D12S391 and 25% 
for FGA, the highest settings for any autosomal locus, with only some Y loci requiring 
higher stutter filters [31].  For FGA, the repeat motif as listed on STRBase is 
[TTTC]3TTTTTTCT[CTTT]nCTCC[TTCC]2, the repetitiveness of thymine is quickly 
apparent [39].  Since rate of stuttering increases as the number of repeats increases, it is 
possible that the elevated stutter ratio for FGA is due to the repetitiveness of thymine that 
can be found in the locus, and causes the polymerase to behave as if there was a single 
repeat stretch.  The same explanation could be provided to locus D12S391 which has a 
repeat motif of [AGAT]8-17[AGAC]6-10[AGAT]0-1 [40].  Though stutter ratios per locus 
are higher in samples run using NGS technology, two loci buck this trend.  The mean 
stutter ratio of NGS samples for D13S317 and D2S441 was 0.049056 (0.0433-0.0548) 
and 0.029937 (0.0234-0.0364), respectively.  The mean stutter ratio of CE samples for 
D13S317 and D2S441 was 0.054311 (0.511-0.0575) and 0.054407 (0.0523-0.0564), 
respectively.  Verogen  recommends a stutter filter of 12.5% for locus D13S317 and 
7.5% for D2S441 [31].  Data for all the other loci is listed in Table 3. 
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Table 3. The mean, standard deviation, and 95%CI per locus for all samples tested 
with the ForenSeq™ DNA Signature Prep kit (labeled as NGS) or GlobalFiler™ PCR 
Amplification kit (labeled as CE). 
Locus Method Mean Std. Dev 95%CI 
CSF1PO NGS 0.063331 0.028137 0.0470-0.0795 
CE 0.051686 0.009496 0.0483-0.0550 
D10S1248 NGS 0.122815 0.023381 0.1155-0.1301 
CE 0.079765 0.01212 0.0759-0.0835 
D12S391 NGS 0.182551 0.069077 0.1631-0.2019 
CE 0.078517 0.031704 0.0701-0.0869 
D13S317 NGS 0.049056 0.015395 0.0433-0.0548 
CE 0.054311 0.009566 0.0511-0.0575 
D16S539 NGS 0.130297 0.027379 0.1207-0.1398 
CE 0.059878 0.016625 0.0542-0.0655 
D18S51 NGS 0.103317 0.028396 0.0943-0.1122 
CE 0.056332 0.013884 0.0521-0.0605 
D19S433 NGS 0.095708 0.028178 0.0876-0.1037 
CE 0.081958 0.029873 0.071-0.0929 
D1S1656 NGS 0.141123 0.064444 0.1090-0.1731 
CE 0.065776 0.013019 0.0621-0.0694 
D21S11 NGS 0.087609 0.020455 0.0812-0.0939 
CE 0.07449 0.011544 0.0710-0.0779 
D22S1045 NGS 0.144904 0.055122 0.1235-0.1662 
CE 0.078179 0.011523 0.0738-0.0824 
D2S441 NGS 0.029937 0.015289 0.0234-0.0364 
CE 0.054407 0.00447 0.0523-0.0564 
D2S1338 NGS 0.137836 0.042588 0.1252-0.1505 
CE 0.072422 0.007385 0.0700-0.0747 
D3S1358 NGS 0.088062 0.016945 0.0817-0.0944 
CE 0.068358 0.01208 0.0642-0.0725 
D5S818 NGS 0.101788 0.050221 0.0553-0.1482 
CE 0.0508 0.01053 0.0472-0.0543 
D7S820 NGS 0.069756 0.018049 0.0639-0.0755 
CE 0.05244 0.012333 0.0489-0.0559 
D8S1179 NGS 0.14047 0.030346 0.1311-0.1498 
CE 0.057676 0.008722 0.0550-0.0603 
FGA NGS 0.187243 0.036928 0.1736-0.2007 
CE 0.074835 0.021429 0.0669-0.0826 
vWA NGS 0.129763 0.037123 0.1177-0.1418 
CE 0.0700 0.0124 0.0661-0.0739 
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 The tables listing the mean stutter ratio, standard deviation, and 95% confidence 
interval (95%CI) for the children, and replicates of the mother and father samples for 
NGS and CE samples can be found in Appendix A. 
3.2 Comparison of Mother and Inherited Maternal Alleles Stutter Ratios in NGS 
 When comparing stutter ratio between a parent and the corresponding alleles 
inherited by their children, it would be expected that there would not be much difference 
between when accounting for any inter-run variability.  Figure 9 shows the mean stutter 
ratio by locus for the mother and the maternal alleles for the children samples.  Only 
samples that were run using the ForenSeq™ DNA Signature Prep kit are shown. 
Figure 9.  Graph depicting the mean stutter ratio per locus for the mother and the inherited maternal 
alleles in the children samples.  Data shown is only for samples run on the ForenSeq™ DNA 
Signature Prep kit.  The standard deviations and 95%CI are listed in Table 4. 
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 When comparing the mean stutter ratios by locus, it can be seen that for most loci, 
the mean stutter ratio between the mother and the maternal alleles in the children are very 
close to one another.  They exhibit similar behavior in that loci D12S391 and FGA have 
the highest mean stutter ratios and D13S317 and D2S441 have the lowest mean stutter 
ratios.  The mean stutter ratios for the mother and children for D12S391 are 0.247187 
(0.2172-0.2772) and 0.222305 (0.1890-0.2556), respectively (Table 4).  For FGA, the 
mean stutter ratios for the mother and the children are 0.196132 (0.1572-0.2351) and 
0.202065 (0.1644-0.2398), respectively.  As previously stated, the possible reason that 
these two loci have a higher mean stutter ratio than the other loci are the nucleotide make-
up of the regions, with D12S391 containing mostly thymine and FGA having an abundance 
of adenine and guanine.  For D13S317, the mean stutter ratios for the mother and children 
are 0.05751 (0.0408-0.0742) and 0.054411 (0.0426-0.0662), respectively.  For D2S441, 
the mean stutter ratios for the mother and children are 0.039334 (0.0057-0.0729) and 
0.027948 (0.0194-0.0365), respectively.   
 Notably, CSF1PO had the second lowest mean stutter ratio among the maternal 
alleles in the children at 0.04651 (0.0397-0.0533).  None of the mother samples had stutter 
peaks at this locus, so a comparison cannot be made, though it would be expected that it 
would be similar to the maternal alleles in the children.  Verogen recommends a stutter 
filter of 10% for CSF1PO which is among the lowest of the autosomal STRs [31]. 
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 The mean stutter ratio for three loci, D22S1045, D2S1338, and D5S818, differ 
between the mother and the children.  For D22S1045 the mean values for the mother and 
children are 0.128346 (0.1085-0.1482) and 0.1916 (0.1099-0.2732), respectively.  For 
D2S1338 the mean values are 0.166071 (0.1531-0.1790) and 0.126432 (0.0976-0.1553) 
for the mother and children, respectively.  Finally, for D5S818 the mean stutter ratios are 
0.149172 (0.0566-0.2417) and 0.070767 (0-0.2304) for the mother and children, 
respectively.  It is interesting that the mean stutter ratio for the mother at D5S818 was 
slightly higher than the 12.5% stutter filter recommended by Verogen [31].  With D2S1338 
being the only locus where the 95% confidence intervals slightly overlap instead of either 
being contained within one another, as is the case for D22S1045, or ranging from 0 to 
nearly 25%, as in D5S818, it seems likely that the difference is significant. It is possible 
that with further testing the difference between the means for D2S1338 narrows and 
behaves similarly to the majority of the loci.   
 
 
 
 
 
 
 
 
28 
Table 4.  The mean, standard deviation, and 95%CI per locus for the Coriell mother samples 
and the maternal alleles of the children tested with the ForenSeq™ DNA Signature Prep 
kit. No data is listed for locus CSF1PO for the mother because there were no stutter peaks 
observed.   
 
Locus Sample Mean Std Dev. 95% CI  
CSF1PO 
Children 0.04651 0.004292 0.0397-0.0533  
Mother - - -  
D10S1248 
Children 0.117392 0.018561 0.1056-0.1292  
Mother 0.125676 0.037761 0.0987-0.1527  
D12S391 
Children 0.222305 0.062431 0.1890-0.2556  
Mother 0.247187 0.041936 0.2172-0.2772  
D13S317 
Children 0.054411 0.015291 0.0426-0.0662  
Mother 0.05751 0.018027 0.0408-0.0742  
D16S5539 
Children 0.124248 0.030176 0.1027-0.1458  
Mother 0.137492 0.032835 0.1140-0.1609  
D18S51 
Children 0.110791 0.018839 0.1003-0.1212  
Mother 0.103155 0.026536 0.0702-0.1361  
D19S433 
Children 0.090197 0.034442 0.0711-0.1093  
Mother 0.112282 0.025177 0.0943-0.1303  
D1S1656 
Children 0.146848 0.054284 0.1051-0.1886  
Mother 0.177336 0.079595 0.0785-0.2762  
D21S11 
Children 0.094513 0.016041 0.0852-0.1038  
Mother 0.098444 0.01509 0.0797-0.1172  
D22S1045 
Children 0.1916 0.065764 0.1099-0.2732  
Mother 0.128346 0.016009 0.1085-0.1482  
D2S441 
Children 0.027948 0.01198 0.0194-0.0365  
Mother 0.039334 0.013531 0.0057-0.0729  
D2S1338 
Children 0.126432 0.054181 0.0976-0.1553  
Mother 0.166071 0.010459 0.1531-0.1790  
D3S1358 
Children 0.087525 0.007485 0.0782-0.0968  
Mother 0.088254 0.004997 0.0820-0.0944  
D5S818 
Children 0.070767 0.017771 -0.0889-0.2304  
Mother 0.149172 0.037256 0.0566-0.2417  
D7S820 
Children 0.063252 0.014346 0.055-0.0715  
Mother 0.074779 0.018064 0.0597-0.0899  
D8S1179 
Children 0.131399 0.029072 0.1146-0.1482  
Mother 0.163215 0.034084 0.1388-0.1876  
FGA 
Children 0.202065 0.023695 0.1644-0.2398  
Mother 0.196132 0.054449 0.1572-0.2351  
vWA 
Children 0.136733 0.026873 0.1187-0.1548  
Mother 0.149207 0.039834 0.0858-0.2126  
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When comparing the mean stutter ratios between NGS and CE for the maternal 
alleles of the children, they exhibit the same behavior as the mean stutter ratio for all 
samples, all loci have a higher stutter ratio for NGS than CE with the exception of D13S317 
and D2S441 (Figure 10).  For the NGS samples, the mean stutter ratio was 0.054411 
(0.0426-0.0661) and 0.027948 (0.0194-0.0365) for D13S317 and D2S441, respectively.  
For the CE samples, the mean stutter ratio was 0.071078 (0.0668-0.0753) and 0.053997 
(0.0510-0.0570) for D13S317 and D2S441, respectively.  Once again, there is a greater 
variability among the loci for NGS than CE. As previously stated for the comparison done 
for all samples, the difference in mean stutter ratios and their variability is likely due to the 
different chemistries of the kits, different polymerases used, and available binding space 
on the flow cell.  The mean stutter ratios for all loci are listed in Table 5. 
Figure 10.  Graph depicting the mean stutter ratio per locus for the maternal alleles of the children 
samples.  Results for samples run on the ForenSeq™ DNA Signature Prep kit are labeled as NGS, 
and results for samples run using the GlobalFiler™ PCR Amplification kit are labeled as CE.  The 
standard deviations and 95%CI are listed in Table 5. 
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Table 5.  The mean, standard deviation, and 95%CI per locus for the maternal alleles of the 
Coriell children samples tested with the ForenSeq™ DNA Signature Prep Kit (NGS) and 
GlobalFiler™ PCR Amplification Kit (CE). 
Locus Method Mean Std. Dev. 95%CI 
CSF1PO NGS 0.04651 0.004292 0.0397-0.0533 
CE 0.045824 0.003777 0.0433-0.0484 
D10S1248 NGS 0.117392 0.018561 0.1056-0.1292 
CE 0.075006 0.013214 0.0674-0.0826 
D12S391 NGS 0.222305 0.062431 0.1890-0.2556 
CE 0.111649 0.014499 0.1042-0.1191 
D13S317 NGS 0.054411 0.015291 0.0426-0.0661 
CE 0.071078 0.004585 0.0668-0.0753 
D16S5539 NGS 0.124248 0.030176 0.1027-0.1458 
CE 0.058377 0.01099 0.0514-0.0654 
D18S51 NGS 0.110791 0.018839 0.1003-0.1212 
CE 0.053989 0.006197 0.0508-0.0572 
D19S433 NGS 0.090197 0.034442 0.0711-0.1093 
CE 0.079057 0.027341 0.0633-0.0948 
D1S1656 NGS 0.146848 0.054284 0.1051-0.1886 
CE 0.071148 0.009085 0.0665-0.0758 
D21S11 NGS 0.094513 0.016041 0.0852-0.1038 
CE 0.082788 0.007603 0.0790-0.0866 
D22S1045 NGS 0.1916 0.065764 0.1099-0.2732 
CE 0.082446 0.015682 0.0693-0.0956 
D2S441 NGS 0.027948 0.01198 0.0194-0.0365 
CE 0.053997 0.004156 0.0510-0.0570 
D2S1338 NGS 0.126432 0.054181 0.0976-0.1553 
CE 0.068759 0.005399 0.0660-0.0715 
D3S1358 NGS 0.087525 0.007485 0.0782-0.0968 
CE 0.069636 0.003031 0.0648-0.0744 
D5S818 NGS 0.070767 0.017771 0-0.2304 
CE 0.045345 0.00488 0.0422-0.0484 
D7S820 NGS 0.063252 0.014346 0.0549-0.0715 
CE 0.051438 0.009303 0.0466-0.0562 
D8S1179 NGS 0.131399 0.029072 0.1146-0.1482 
CE 0.054121 0.005483 0.0513-0.0569 
FGA NGS 0.202065 0.023695 0.1644-0.2398 
CE 0.086114 0.005224 0.0778-0.0944 
vWA NGS 0.136733 0.026873 0.1187-0.1548 
CE 0.081729 0.011666 0.0747-0.0888 
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3.3 Comparison of Father and Inherited Paternal Alleles Stutter Ratios in NGS 
 As previously stated, it is expected that the mean stutter ratio per locus of a parent 
is similar to the mean stutter ratio per locus of the corresponding alleles inherited by their 
children, and the comparison of the father samples with the paternal alleles inherited by the 
children exhibit this behavior (Figure 11).   
Figure 11.  Graph depicting the mean stutter ratio for the father and paternal alleles of the children 
for the samples run using the ForenSeq™ DNA Signature Prep kit.  The standard deviations and 
95%CI are listed in Table 6.   
 
For the most part, the mean stutter ratios per locus are very similar between the 
father and the children, with a few exceptions.  Once again, the mean stutter ratio for locus 
D22S1045 differs between the father and children, 0.102839 (0.0542-0.1515) and 
0.149491 (0.1163-0.1827), respectively.  Though their 95% CI overlap somewhat, it seems 
that D22S1045 does have a significant difference between the father and the children, 
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especially when taking into account that the stutter ratios also differed between the mother 
and the maternal alleles. 
Contrary to the comparison of the mother and maternal alleles, CSF1PO did have 
stutter peaks for both the father and the children, with the mean stutter ratios being 
0.075827 (0.0485-0.1032) and 0.064292 (0.0147-0.1139), respectively.  There is no 
significant difference between that father and the children at CSF1PO, just as there is no 
difference at most loci.  It is important to note that these are among the lowest ratios for 
both the father and the children.  This further suggests that, even though no comparison 
could be made for the mother and children, there would not be a significant difference 
between the mean stutter ratios at CSF1PO.   
 Locus D5S818 only had one stutter peak each for the father and children samples, 
so no comparison can be made, though Verogen does recommend a stutter filter of 12.5% 
for the locus [31].  Another locus where the mean stutter ratios for the father and children 
appear to differ is D2S441, with the mean values being 0.043191 (0.0249-0.0614) and 
0.017507 (0.0047-0.0303), respectively.  Notably, the mean stutter ratios did not differ 
between the mother and children, though they also were the lowest across all loci.  The 
data for all loci is listed in Table 6. 
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Table 6.  The mean, standard deviation, and 95%CI  per locus for the Coriell father samples 
and the paternal alleles of the children tested with the ForenSeq™ DNA Signature Prep kit. 
 
Locus Sample Mean Std Dev. 95% CI  
CSF1PO 
Children 0.064292 0.039933 0.0147-0.1139  
Father 0.075827 0.022029 0.0485-0.1032  
D10S1248 
Children 0.127367 0.015731 0.1186-0.1361  
Father 0.116448 0.018564 0.0934-0.1395  
D12S391 
Children 0.119794 0.034615 0.1006-0.1389  
Father 0.148443 0.0329 0.1249-0.1719  
D13S317 
Children 0.039024 0.01139 0.0303-0.0478  
Father 0.045639 0.008549 0.0350-0.0562  
D16S5539 
Children 0.130238 0.017284 0.1169-0.1435  
Father 0.12811 0.029755 0.0912-0.1650  
D18S51 
Children 0.09697 0.03635 0.0725-0.1214  
Father 0.09917 0.033001 0.0756-0.1228  
D19S433 
Children 0.085326 0.015791 0.0766-0.0941  
Father 0.102974 0.029355 0.0819-0.1239  
D1S1656 
Children 0.085475 0.024828 0.0238-0.1471  
Father 0.075472 - -  
D21S11 
Children 0.080665 0.022688 0.0681-0.0932  
Father 0.081772 0.022174 0.0632-0.1003  
D22S1045 
Children 0.149491 0.054902 0.1163-0.1827  
Father 0.102838 0.039203 0.0542-0.1515  
D2S441 
Children 0.017507 0.012211 0.0047-0.0303  
Father 0.043191 0.014689 0.0249-0.0614  
D2S1338 
Children 0.140598 0.040198 0.1183-0.1628  
Father 0.137821 0.030446 0.1160-0.1596  
D3S1358 
Children 0.074866 0.006403 0.0703-0.0794  
Father 0.10143 0.021354 0.0861-0.1167  
D5S818 
Children 0.071006 - -  
Father 0.052459 - -  
D7S820 
Children 0.069225 0.021988 0.0523-0.0861  
Father 0.076864 0.019548 0605-0.0932  
D8S1179 
Children 0.139232 0.026902 0.1237-0.1548  
Father 0.123847 0.00495 0.1177-0.123  
FGA 
Children 0.18192 0.026335 0.1652-0.1986  
Father 0.170384 0.019267 0.1465-0.1943  
vWA 
Children 0.114844 0.033773 0.0961-0.1335  
Father 0.137467 0.048087 0.1005-0.1744  
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 As with the maternal alleles, the mean stutter ratios of the paternal alleles of the 
children for both NGS and CE exhibit the same trends when all alleles in all samples are 
taken into account.  Once again, the mean stutter ratios for the NGS samples are higher 
than the CE samples with the exception of D13S317 and D2S441 (Figure 12).  For the 
NGS samples, the mean stutter ratio for D13S317 and D2S441 are 0.039024 (0.0303-
0.0478) and 0.017507 (0.0047-0.0303), respectively.  For the CE samples, the mean stutter 
ratio for D13S317 was 0.048284 (0.0464-0.0501) and D2S441 only had one stutter peak 
across all samples which was a stutter ratio of 0.05772.  The random binding of amplicons 
to the oligonucleotides on the flow cell can explain why there is such a large variability in 
the mean stutter ratio between loci.  Table 7 lists the mean, standard deviation, and 95% 
CI for the NGS and CE samples across all loci. 
Figure 12.  Graph depicting the mean stutter ratio of the paternal alleles of the children samples.  
Results for samples run using the ForenSeq™ DNA Signature Prep kit are labeled NGS, and results 
for samples run using the GlobalFiler™ PCR Amplification kit are labeled CE.  The standard 
deviations and 95%CI are listed in Table 7.   
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Table 7.  The mean, standard deviation, and 95%CI per locus for the paternal alleles of the 
Coriell children samples tested with the ForenSeq™ DNA Signature Prep Kit (NGS) and 
GlobalFiler™ PCR Amplification Kit (CE). 
Locus Method Mean Std. Dev. 95% CI 
CSF1PO NGS 0.064292 0.039933 0.0147-0.1139 
CE 0.04921 0.009633 0.0427-0.0557 
D10S1248 NGS 0.127367 0.015731 0.1186-0.1361 
CE 0.084862 0.008828 0.0803-0.0894 
D12S391 NGS 0.119794 0.034615 0.1006-0.1390 
CE 0.049206 0.00807 0.0448-0.0536 
D13S317 NGS 0.039024 0.01139 0.0303-0.0478 
CE 0.048284 0.00361 0.0464-0.0501 
D16S5539 NGS 0.130238 0.017284 0.1170-0.1435 
CE 0.053183 0.008071 0.0474-0.0589 
D18S51 NGS 0.09697 0.03635 0.0725-0.1214 
CE 0.058842 0.017735 0.0462-0.0715 
D19S433 NGS 0.085326 0.015791 0.0766-0.0941 
CE 0.05489 0.005527 0.0509-0.0588 
D1S1656 NGS 0.085475 0.024828 0.0238-0.1472 
CE 0.058741 0.011704 0.0517-0.0658 
D21S11 NGS 0.080665 0.022688 0.0681-0.0932 
CE 0.066366 0.01014 0.0612-0.0716 
D22S1045 NGS 0.149491 0.054902 0.1163-0.1827 
CE 0.079246 0.009801 0.0742-0.0843 
D2S441 NGS 0.017507 0.012211 0.0047-0.0303 
CE 0.05772 - - 
D2S1338 NGS 0.140598 0.040198 0.1183-0.1628 
CE 0.071859 0.007383 0.0681-0.0756 
D3S1358 NGS 0.074866 0.006403 0.0702-0.0794 
CE 0.058537 0.007049 0.0543-0.0628 
D5S818 NGS 0.071006 - - 
CE 0.063409 0.00833 0.0502-0.0767 
D7S820 NGS 0.069225 0.021988 0.0523-0.0861 
CE 0.047419 0.012954 0.0396-0.0552 
D8S1179 NGS 0.139232 0.026902 0.1237-0.1548 
CE 0.053729 0.006453 0.0504-0.0570 
FGA NGS 0.18192 0.026335 0.1652-0.1986 
CE 0.06991 0.01059 0.0645-0.0754 
vWA NGS 0.114844 0.033773 0.0961-0.1335 
CE 0.062779 0.006951 0.0591-0.0665 
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3.4 Comparison of Isoalleles Stutter Ratios of D21S11 in NGS and CE 
 The use of next generation sequencing for forensic DNA profiling introduces the 
possibility of isoalleles, two alleles with the same number of repeats but different 
sequences.  After sequencing, it was noted that the parents in the Coriell samples each had 
a 30 allele with different sequences at locus D21S11.  The different sequences are denoted 
in Table 8, and they will be referred to by their allele designation.   
Table 8.  The repeat structures for the isoalleles at D21S11 are listed.  The allele designation in 
this table will be used to differentiate the isoalleles. 
Allele Repeat Structure 
30M [TCTA]4 [TCTG]6 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]12 
30F [TCTA]6 [TCTG]5 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]11 
 
 Analysis of the sequences of the stutter and parental alleles shows that for allele 
30M, every stutter (n=7) occurred in the last block of [TCTA] repeats, meaning they had 
11 repeats instead of 12.  For allele 30F, two stutter peaks occurred due to the stutter taking 
place in the first block of [TCTA] repeats, so they had 5 repeats instead of 6. All other 
stutter peaks (n=7) for allele 30F had the stutter occur in the last [TCTA] block so they had 
10 repeats instead of 11.  These results are consistent with the LUS model and show that a 
stutter event is more likely to occur as a stretch of a single repeat becomes longer.   
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Comparison between the isoalleles 30M and 30F shows a difference between their 
mean stutter ratios, 0.095154 (0.0805-0.1097) and 0.07472 (0.0613-0.0881), respectively.  
As previously stated, allele 30F had stutter peaks that occurred in two different places, 
which can explain the lower mean stutter ratio that was observed.  When the two stutter 
peaks were counted as a single stutter peak, the mean stutter ratio for allele 30F was 
0.096069 (0.0677-0.1244).  This analysis yields a mean stutter ratio that is nearly identical 
to that of 30M (Figure 13).  The result of this comparison supports the idea that stutter 
peaks arising from stutter events at different places within the same allele can yield a lower 
stutter ratio when differentiating based on the location of the stutter, and when the stutter 
peaks are treated as a single peak, the overall stutter ratio is higher. 
Figure 13.  Graph depicting the mean stutter ratios for the isoalleles in the children samples at 
D21S11.  The mean stutter ratios when using just the length of the allele is also displayed for both 
NGS and CE.  The two types of stutter observed for allele 30F were combined and designated as 
30 (Combined).  The bar designated 30* excludes the two stutter peaks from 30F that had the stutter 
event occur in the first repeat block.  The repeat structures for 30M and 30F are listed in Table 8.  
The means, standard deviation and 95%CI are listed in Table 9. 
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 The mean stutter ratio for NGS samples when only the allele length is considered 
was 0.097243 (0.0857-1087), similar to the mean stutter ratio of the 30M allele and 30 
(Combined) analysis.  When the two stutter peaks that occurred in the beginning of the 
sequence of allele 30F are excluded from the analysis, the mean stutter ratio is 0.080387 
(0.0669-0.0982).  Table 9 lists the mean stutter ratios of the various analysis and 
comparisons that were made for the isoalleles, the mean stutter ratio for samples run via 
CE is also listed. The results of the various comparisons show that small sequence 
differences can lead to different stutter ratios, opening up the possibility of utilizing 
sequence-specific stutter filters.  The usage of allele-specific stutter filters has been shown 
to aid analysis of casework profiles, the addition of the sequence data and sequence-
specific stutter filters could provide another tool in dealing with stutter in evidence 
samples. 
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Table 9.  The mean, standard deviation, and 95%CI for the 30 allele at D21S11 in the children 
samples.  The isoalleles that are observed when using the ForenSeq™ DNA Signature Prep kit 
are listed, as well as the data considering them as a single allele with 30 repeats (NGS).  The 
observed allele when using GlobalFiler™ PCR Amplification kit is also included (CE).  The 
two types of stutter observed for allele 30F were combined and designated as 30 (Combined).  
The allele designated 30* excludes the two stutter peaks from 30F that had the stutter event 
occur in the first repeat block. 
Allele Mean Standard Deviation 95% CI 
30M 0.095154 0.015772 0.0805-0.1097 
30F 0.07472 0.017409 0.0613-0.0881 
30 (Combined) 0.096069 0.030639 0.0677-0.1244 
30* 0.080387 0.014534 0.0669-0.9382 
30 (CE) 0.074003 0.004919 0.0688-0.0791 
30 (NGS) 0.097243 0.012452 0.0857-0.1087 
 
3.5 BLMM Analysis of D21S11 
 Analysis utilizing the BLMM concept was performed at locus D21S11 for all single 
source samples that were sequenced via the ForenSeq™ DNA Signature Prep Kit.  Figure 
14 shows that as the BLMM increases in length, the stutter ratio also increases.  It should 
be noted that the decrease in stutter ratio between the BLMM of length 4 to 5 may be 
simply due to the fact that each only produced a single stutter peak, therefore more data is 
necessary to make any conclusions, though it would be expected that the stutter ratio will 
be higher for a BLMM of length 5 than of length 4.  The mean stutter ratios for BLMMs 
10, 11, and 12 are 0.074502 (0.0627-0863), 0.085523 (0.0765-0.0945), and 0.091918 
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(0.0822-0.1016), respectively.  Table 10 contains the mean stutter ratio, standard deviation, 
and 95% CI for all the BLMMs that were detected. 
Figure 14.  Graph depicting the mean stutter ratios by BLMM for locus D21S11 for all single 
source samples sequenced via the ForenSeq™ DNA Signature Prep Kit.  The mean stutter ratios, 
standard deviations, and 95% CI are listed in Table 10. 
  
Table 10.  The mean stutter ratio, standard deviation, and 95%CI by BLMM at locus D21S11 
for all single source samples that were sequenced via the ForenSeq™ NA Signature Prep Kit.  
BLMMs 4 and 5 only had one data point each therefore standard deviations and 95%CI could 
not be obtained. 
BLMM Mean Std. Dev. 95% CI 
4 0.038095 - - 
5 0.015903 - - 
6 0.030668 0.022723 0.0125-0.0488 
10 0.074502 0.02254 0.0627-0.0863 
11 0.085523 0.017092 0.0765-0.0945 
12 0.091918 0.022145 0.0822-0.1016 
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 It should be noted that even though the BLMM of length 4 only produced one 
stutter peak, it is also higher than the mean stutter ratio for the BLMM of length 6.  
Again, this may be due to the fact that there is only one data point, so more data may 
shed some light on whether or not this behavior is reproducible. 
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5. CONCLUSIONS 
 Comparison of stutter ratios reveals that ForenSeq™ DNA Signature Prep kit 
produces higher stutter ratios for most loci, with the exception of D13S317 and D2S441, 
when compared to GlobalFiler™ PCR Amplification kit.  The different chemistries of 
each kit, as well as the use of different polymerases, can explain this difference.  The 
variability between the stutter ratio per locus is also higher when using the ForenSeq™ 
DNA Signature Prep kit.  A possible explanation for the difference in stutter ratios could 
be that, during sequencing, the cluster generation step could produce more clusters for 
some stutter amplicons and less clusters for others.   
 The mean stutter ratio per locus when comparing a parent with the respective 
alleles their children inherited shows that there were not any differences when tested with 
the ForenSeq™ DNA Signature Prep kit.  A few loci showed a difference between the 
parent and children, but that could simply be due to the sample size, and further testing 
with more samples could result in there not being any difference between the parents and 
children. 
 The use of sequencing for STR testing introduces the ability to distinguish two 
alleles of the same length by differences in their sequence and repeat structure.  Analysis 
showed that the isoalleles at D21S11 in the children had different mean stutter ratios, 
0.095154 (0.0805-0.1097) and 0.07472 (0.0613-0.0881) for alleles 30M and 30F, 
respectively.  The results open up the possibility of further studying sequence-specific 
stutter ratios and applying sequence-specific stutter filters to the UAS. 
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 The BLMM model has been proposed in previous studies as a better predictor for 
stutter ratio than the LUS.  The results for D21S11 show that as the BLMM length 
increases, so too does the stutter ratio. The single stutter peak observed for the BLMM of 
length 4 had a higher ratio than the BLMMs of length 5 and 6. More data is necessary to 
determine whether this is a true behavior of the BLMM model or simply due to low 
sample size. 
6. FUTURE DIRECTIONS 
 Further stutter analysis utilizing the BLMM method is needed for mixtures.  This 
study only looked at one locus and  a previous study on the utilization of the BLMM for 
predicting stutter ratios only used single source samples [23].  Therefore, working with 
mixture samples is critical since forensic evidence samples are likely to be mixtures with 
two or more possible contributors.  Another pathway for future analysis is to target 
different amounts of DNA.  It is also necessary to characterize how the BLMM method is 
affected when different amounts of input DNA is used.   
 A third possible research approach is to look at the effects of adding different 
volumes of pooled libraries to the reagent cartridge.  Research has shown that adding a 
greater volume of pooled libraries than is recommended by Verogen can greatly improve 
cluster density and read counts, so it would be vital to determine how stutter ratio 
analysis would be impacted [34]. 
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APPENDIX A: TABLES FOR CHILDREN, MOTHER, AND FATHER DATA 
Table A.  The mean, standard deviation, and 95% CI per locus for the Coriell children samples 
tested with the ForenSeq™ DNA Signature Prep kit (labeled as NGS) or GlobalFiler™ PCR 
Amplification kit (labeled as CE). 
Locus Method Mean Standard Deviation 95% CI 
CSF1PO NGS 0.056389 0.029868 0.0334-0.0793 
CE 0.048554 0.007728 0.0447-0.0524 
D10S1248 NGS 0.122934 0.01745 0.1160-0.1298 
CE 0.079359 0.012439 0.0734-0.0847 
D12S391 NGS 0.172703 0.072248 0.1462-0.1992 
CE 0.081373 0.033779 0.0694-0.0933 
D13S317 NGS 0.046718 0.015289 0.0391-0.0543 
CE 0.054932 0.01125 0.0502-0.0597 
D16S5539 NGS 0.127085 0.024444 0.1153-0.1388 
CE 0.056836 0.010032 0.0521-0.0615 
D18S51 NGS 0.104943 0.027853 0.0937-0.1161 
CE 0.055786 0.011756 0.0511-0.0604 
D19S433 NGS 0.087761 0.026442 0.0778-0.0976 
CE 0.074934 0.025242 0.0624-0.0875 
D1S1656 NGS 0.131505 0.055006 0.0965-0.1664 
CE 0.065509 0.013117 0.0604-0.0706 
D21S11 NGS 0.087351 0.02065 0.0795-0.0952 
CE 0.074537 0.013195 0.0694-0.0796 
D22S1045 NGS 0.161188 0.059346 0.1317-0.1906 
CE 0.077401 0.012316 0.0713-0.0835 
D2S441 NGS 0.024033 0.01277 0.0172-0.0308 
CE 0.054335 0.004099 0.0516-0.0571 
D2S1338 NGS 0.133286 0.047683 0.1158-0.1508 
CE 0.070608 0.006752 0.0677-0.0735 
D3S1358 NGS 0.079086 0.008973 0.0741-0.0840 
CE 0.061148 0.007908 0.0571-0.0652 
D5S818 NGS 0.070847 0.012567 0.0396-0.1020 
CE 0.050276 0.009669 0.0453-0.0552 
D7S820 NGS 0.065712 0.017128 0.0584-0.0729 
CE 0.051002 0.011252 0.0466-0.0553 
D8S1179 NGS 0.135316 0.027772 0.1245-0.1461 
CE 0.054351 0.006266 0.0518-0.057 
FGA NGS 0.186956 0.026496 0.1728-0.2010 
CE 0.06991 0.01059 0.0645-0.0753 
vWA NGS 0.124105 0.032392 0.1110-0.1372 
CE 0.071273 0.013275 0.0662-0.0763 
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Table B.  The mean, standard deviation, and 95%CI per locus for the Coriell mother samples 
tested with the ForenSeq™ DNA Signature Prep kit (labeled as NGS) or GlobalFiler™ PCR 
Amplification kit (labeled as CE). 
Locus Method Mean Std. Dev 95%CI 
CSF1PO NGS - - - 
CE 0.049087 0.010215 0.0384-0.0598 
D10S1248 NGS 0.125676 0.037761 0.0986-0.1527 
CE 0.075004 0.009752 0.0688-0.0812 
D12S391 NGS 0.247187 0.041936 0.2172-0.2772 
CE 0.098358 0.014986 0.0888-0.1079 
D13S317 NGS 0.05751 0.018027 0.0408-0.0742 
CE 0.05133 0.005653 0.0454-0.0573 
D16S539 NGS 0.137492 0.032835 0.1140-0.1609 
CE 0.068125 0.023906 0.0529-0.0833 
D18S51 NGS 0.103155 0.026536 0.0702-0.1361 
CE 0.061457 0.01849 0.0420-0.0808 
D19S433 NGS 0.112282 0.025177 0.0943-0.1303 
CE 0.105565 0.036532 0.0750-0.1361 
D1S1656 NGS 0.177336 0.079595 0.0785-0.2762 
CE 0.073387 0.009539 0.0673-0.0794 
D21S11 NGS 0.098444 0.01509 0.0797-0.1172 
CE 0.076393 0.002304 0.0739-0.0788 
D22S1045 NGS 0.128346 0.016009 0.1085-0.1482 
CE 0.084135 0.006149 0.0777-0.0906 
D2S441 NGS 0.039334 0.013531 0.0057-0.0729 
CE 0.050968 0.002181 0.0487-0.0532 
D2S1338 NGS 0.166071 0.010459 0.1531-0.1790 
CE 0.071051 0.006268 0.0645-0.0776 
D3S1358 NGS 0.088254 0.004997 0.0820-0.0944 
CE 0.068154 0.005092 0.0628-0.0735 
D5S818 NGS 0.149172 0.037256 0.0566-0.2417 
CE 0.049723 0.014268 0.0406-0.0588 
D7S820 NGS 0.074779 0.018064 0.0597-0.0899 
CE 0.050251 0.012467 0.0423-0.0581 
D8S1179 NGS 0.163215 0.034084 0.1388-0.1876 
CE 0.063077 0.010575 0.0563-0.0698 
FGA NGS 0.196132 0.054449 0.1572-0.2351 
CE 0.084659 0.029881 0.0657-0.1036 
vWA NGS 0.149207 0.039834 0.0858-0.2126 
CE 0.076112 0.008131 0.0676-0.0846 
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Table C.  The mean, standard deviation, and 95%CI per locus for the Coriell father samples 
tested with the ForenSeq™ DNA Signature Prep kit (labeled as NGS) or GlobalFiler™ PCR 
Amplification kit (labeled as CE). 
Locus Method Mean Std. Dev 95%CI 
CSF1PO NGS 0.075827 0.022029 0.0485-0.1032 
CE 0.059682 0.008337 0.0533-0.0661 
D10S1248 NGS 0.116448 0.018564 0.0934-0.1395 
CE 0.08926 0.01053 0.0795-0.0989 
D12S391 NGS 0.148443 0.0329 0.1249-0.1719 
CE 0.050822 0.016806 0.0401-0.0615 
D13S317 NGS 0.045639 0.008549 0.0350-0.0562 
CE 0.054734 0.005161 0.0499-0.0595 
D16S539 NGS 0.12811 0.029755 0.0912-0.1650 
CE 0.050348 0.006055 0.0407-0.0599 
D18S51 NGS 0.09917 0.033001 0.0756-0.1228 
CE 0.054877 0.016724 0.0436-0.0661 
D19S433 NGS 0.102974 0.029355 0.0819-0.1239 
CE 0.069475 0.010866 0.0559-0.0829 
D1S1656 NGS 0.075472 - - 
CE 0.058788 0.012484 0.0508-0.0667 
D21S11 NGS 0.081772 0.022174 0.0632-0.1003 
CE 0.073332 0.010486 0.0663-0.0804 
D22S1045 NGS 0.102838 0.039203 0.0542-0.1515 
CE 0.074557 0.012498 0.0614-0.0877 
D2S441 NGS 0.043191 0.014689 0.0249-0.0614 
CE 0.059763 0.002715 0.0554-0.0641 
D2S1338 NGS 0.137821 0.030446 0.1160-0.1596 
CE 0.076963 0.007834 0.0717-0.0822 
D3S1358 NGS 0.10143 0.021354 0.0861-0.1167 
CE 0.078675 0.012323 0.0708-0.0865 
D5S818 NGS 0.052459 - - 
CE 0.053918 0.003137 0.0510-0.0568 
D7S820 NGS 0.076864 0.019548 0.0605-0.0932 
CE 0.059095 0.014014 0.0491-0.0691 
D8S1179 NGS 0.123847 0.00495 0.1177-0.1299 
CE 0.060289 0.008412 0.0525-0.0681 
FGA NGS 0.170384 0.019267 0.1465-0.1943 
CE 0.057755 0.0024 0.0362-0.0793 
vWA NGS 0.137467 0.048087 0.1005-0.1744 
CE 0.059989 0.004892 0.0555-0.0645 
 
47 
APPENDIX B:  DATA FOR MEAN STUTTER RATIO BY LOCUS PER ALLELE 
OF MOTHER/FATHER VS MATERNAL/PATERNAL ALLELES IN CHILDREN 
 
Figure A.  Graph depicting the mean stutter ratio by locus per Allele 1 of the mother and 
maternal alleles in the children for samples tested with the ForenSeq™ DNA Signature Prep kit.  
The smaller allele at each locus for the mother was designated as Allele 1.  The mean, standard 
deviation, and 95%CI are listed in Table D.  The full genotypes of the mother and children 
samples are listed under Tables G, H, and I in Appendix D. 
 
 
Table D.  The sample size (n), mean, standard deviation, and 95% CI of the stutter ratios by 
locus per allele for the mother and maternal alleles in the children.  The smaller allele at a locus 
is designated Allele 1 in Figure A and the larger allele is designated as Allele 2 in Figure B.  
All samples were tested using the ForenSeq™ DNA Signature Prep kit. The full genotypes of 
the mother and children are listed under Tables G, H, and I in Appendix D. 
Locus Allele Sample n Mean Std. dev 95% CI 
CSF1PO 
10 
Children 4 0.04651 0.004292 0.039-0.053 
Mother - - - - 
11 
Children 4 0.04651 0.004292 0.039-0.053 
Mother - - - - 
D10S1248 
13 
Children 6 0.105681 0.013002 0.092-0.119 
Mother 5 0.110173 0.020553 0.085-0.136 
16 
Children 6 0.129103 0.016114 0.112-0.146 
Mother 5 0.14118 0.046742 0.083-0.199 
D12S391 
20 
Children 3 0.200309 0.021431 0.147-0.253 
Mother 5 0.227399 0.046411 0.169-0.285 
23 
Children 13 0.227381 0.068166 0.186-0.268 
Mother 5 0.266975 .028707 0.231-0.303 
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Table D.  The sample size (n), mean, standard deviation, and 95% CI of the stutter ratios by 
locus per allele for the mother and maternal alleles in the children.  The smaller allele at a locus 
is designated Allele 1 in Figure A and the larger allele is designated as Allele 2 in Figure B.  
All samples were tested using the ForenSeq™ DNA Signature Prep kit. The full genotypes of 
the mother and children are listed under Tables G, H, and I in Appendix D. 
Locus Allele Sample n Mean Std. dev 95% CI 
D13S317 
12 
Children 6 0.054629 0.018496 0.035-0.074 
Mother 3 0.060543 0.025264 0-0.123 
13 
Children 3 0.053973 0.008921 0.031-0.076 
Mother 4 0.055235 0.014434 0.032-0.078 
D16S539 
11 
Children 7 0.11082 0.021452 0.091-0.131 
Mother 5 0.114792 0.012118 0.099-0.129 
13 
Children 3 0.155578 0.024769 0.094-0.217 
Mother 5 0.160192 0.031475 0.121-0.199 
D18S51 
13 
Children 8 0.107581 0.018707 0.092-0.123 
Mother 5 0.103155 0.026536 0.070-0.136 
14 
Children 7 0.114459 0.019758 0.096-0.133 
Mother 5 0.103155 0.026536 0.070-0.136 
D19S433 
13 
Children 10 0.073927 0.014436 0.064-0.084 
Mother 5 0.097392 0.023132 0.069-0.126 
17.2 
Children 5 0.122736 0.041204 0.072-0.174 
Mother 5 0.127172 0.018356 0.104-0.149 
D1S1656 
15 
Children 6 0.174652 0.040797 0.132-0.217 
Mother 4 0.202573 0.064817 0.099-0.306 
17.3 
Children 3 0.091239 0.02585 0.027-0.155 
Mother 1 0.076389 - - 
D21S11 
30 
Children 14 0.094513 0.016041 0.085-0.104 
Mother 5 0.098444 0.01509 0.079-0.117 
- 
Children 14 0.094513 0.016041 0.085-0.104 
Mother 5 0.098444 0.01509 0.079-0.117 
D22S1045 
16 
Children 5 0.1916 0.065764 0.11-0.273 
Mother 5 0.128346 0.016009 0.108-0.148 
- 
Children 5 0.1916 0.065764 0.109-0.273 
Mother 5 0.128346 0.016009 0.108-0.148 
D2S441 
11 
Children 7 0.033689 0.009302 0.025-0.043 
Mother 3 0.039334 0.013531 0.005-0.073 
11.3 
Children 3 0.014553 0.001343 0.011-0.018 
Mother 3 0.039334 0.013531 0.006-0.073 
D2S1338 
19 
Children 15 0.126432 0.054181 0.097-0.155 
Mother 5 0.166071 0.010459 0.153-0.179 
- 
Children 15 0.126432 0.054181 0.097-0.155 
Mother 5 0.166071 0.010459 0.153-0.179 
D3S1358 
15 
Children 5 0.087525 0.007485 0.078-0.097 
Mother 5 0.088254 0.004997 0.082-0.094 
- 
Children 5 0.087525 0.007485 0.078-0.097 
Mother 5 0.088254 0.004997 0.082-0.094 
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Table D.  The sample size (n), mean, standard deviation, and 95% CI of the stutter ratios by 
locus per allele for the mother and maternal alleles in the children.  The smaller allele at a locus 
is designated Allele 1 in Figure A and the larger allele is designated as Allele 2 in Figure B.  
All samples were tested using the ForenSeq™ DNA Signature Prep kit. The full genotypes of 
the mother and children are listed under Tables G, H, and I in Appendix D. 
Locus Allele Sample n Mean Std. dev 95% CI 
D5S818 
10 
Children 2 0.070767 0.017771 0-0.230 
Mother 1 0.111111 - - 
12 
Children 2 0.070767 0.017771 0-0.230 
Mother 2 0.168203 0.024557 0-0.389 
D7S820 
10 
Children 9 0.062114 0.015422 0.050-0.074 
Mother 4 0.071059 0.014246 0.048-0.094 
12 
Children 5 0.0653 0.013604 0.048-0.082 
Mother 4 0.078499 0.022837 0.042-0.115 
D8S1179 
11 
Children 14 0.131399 0.029072 0.115-0.148 
Mother 5 0.18123 0.03022 0.144-0.219 
13 
Children 7 0.124571 0.020328 0.106-0.143 
Mother 5 0.1452 0.02982 0.108-0.182 
FGA 
22 
Children 4 0.202065 0.023695 0.164-0.239 
Mother 5 0.158785 0.009928 0.146-0.171 
24 
Children 4 0.202065 0.023695 0.164-0.239 
Mother 5 0.233479 0.055543 0.164-0.302 
vWA 
17 
Children 11 0.136733 0.0.026873 0.119-0.155 
Mother 4 0.149207 0.039834 0.086-0.212 
18 
Children 10 0.134375 0.027102 0.115-0.154 
Mother 4 0.149207 0.039834 0.086-0.212 
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Figure B.  Graph depicting the mean stutter ratio by locus per Allele 2 of the mother and 
maternal alleles in the children for samples tested with the ForenSeq™ DNA Signature Prep kit.  
The larger allele at each locus for the mother was designated as Allele 2.  The mean, standard 
deviation, and 95%CI are listed in Table D.  The full genotypes of the mother and children 
samples are listed under Tables G, H, and I in Appendix D. 
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Figure C.  Graph depicting the mean stutter ratio by locus per Allele 1 of the father and paternal 
alleles in the children for samples tested with the ForenSeq™ DNA Signature Prep kit.  The 
smaller allele at each locus for the father was designated as Allele 1.  The mean, standard 
deviation, and 95%CI are listed in Table E.  The full genotypes of the father and children samples 
are listed under Tables G, H, and I in Appendix D. 
 
 
 
Table E.  The sample size (n), mean, standard deviation, and 95% CI of the stutter ratios by 
locus per allele for the father and paternal alleles in the children.  The smaller allele at a locus 
is designated Allele 1 in Figure C and the larger allele is designated as Allele 2 in Figure D.  
All samples were tested using the ForenSeq™ DNA Signature Prep kit. The full genotypes of 
the father and children are listed under Tables G, H, and I in Appendix D. 
Locus Allele Sample n Mean Std. dev 95% CI 
CSF1PO 
10 
Children 4 0.04651 .004292 0.039-0.053 
Father 2 0.08043 0.000305 0.078-0.083 
12 
Children 1 0.135417 - - 
Father 3 0.072759 0.030582 0-0.149 
D10S1248 
15 
Children 6 0.121428 0.015293 0.105-0.137 
Father 5 0.116448 0.018564 0.093-0.139 
16 
Children 9 0.131327 0.015581 0.119-0.143 
Father 5 0.116448 0.018564 0.093-0.139 
D12S391 
15 
Children 9 0.09976 0.019995 0.084-0.115 
Father 5 0.124356 0.015381 0.105-0.143 
17 
Children 6 0.149845 0.03015 0.118-0.181 
Father 5 0.17253 0.027357 0.138-0.206 
D13S317 11 
Children 9 0.039024 0.01139 0.030-0.048 
Father 5 0.045639 0.008549 0.035-0.056 
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Table E.  The sample size (n), mean, standard deviation, and 95% CI of the stutter ratios by 
locus per allele for the father and paternal alleles in the children.  The smaller allele at a locus 
is designated Allele 1 in Figure C and the larger allele is designated as Allele 2 in Figure D.  
All samples were tested using the ForenSeq™ DNA Signature Prep kit. The full genotypes of 
the father and children are listed under Tables G, H, and I in Appendix D. 
Locus Allele Sample n Mean Std. dev 95% CI 
- 
Children - - - - 
Father - - - - 
D16S539 
11 
Children 5 0.128924 0.010879 0.115-0.142 
Father 5 0.12811 0.029755 0.091-0.165 
12 
Children 4 0.131881 0.025147 0.092-0.172 
Father 5 0.12811 0.029755 0.091-0.165 
D18S51 
11 
Children 7 0.074425 0.019974 0.056-0.093 
Father 5 0.069343 0.009922 0.057-0.081 
15 
Children 4 0.136424 0.018575 0.107-0.166 
Father 5 0.128997 0.011302 0.115-0.143 
D19S433 
13 
Children 9 0.078184 0.012339 0.069-0.088 
Father 5 0.085605 0.024982 0.054-0.117 
15 
Children 6 0.096038 0.015003 0.080-0.112 
Father 5 0.120343 0.023677 0.091-0.149 
D1S1656 
15.3 
Children 1 0.082707 - - 
Father 1 0.075472 - - 
17.3 
Children 2 0.086859 0.034948 0-0.401 
Father 1 0.075472 - - 
D21S11 
28 
Children 8 0.080909 0.029125 0.057-0.105 
Father 4 0.066688 0.013248 0.046-0.088 
30 
Children 7 0.080387 0.014534 0.067-0.094 
Father 4 0.096856 0.019105 0.066-0.127 
D22S1045 
15 
Children 8 0.123172 0.025252 0.102-0.144 
Father 5 0.102838 0.039203 0.054-0.151 
16 
Children 5 0.1916 0.065764 0.109-0.273 
Father 5 0.102838 0.039203 0.054-0.151 
D2S441 
11.3 
Children 1 0.041833 - - 
Father 1 0.023885 - - 
12 
Children 1 0.041833 - - 
Father 4 0.048017 0.011506 0.029-0.066 
D2S1338 
19 
Children 9 0.142972 0.047326 0.106-0.179 
Father 5 0.164904 0.014962 0.146-0.183 
23 
Children 6 0.137037 0.030258 0.105-0.169 
Father 5 0.110739 0.005296 0.104-0.117 
D3S1358 
14 
Children 10 0.074866 0.006403 0.070-0.079 
Father 5 0.087826 0.013143 0.071-0.104 
16 
Children 10 0.074866 0.006403 0.070-0.079 
Father 4 0.121243 0.016241 0.095-0.147 
D5S818 11 
Children 1 0.071006 - - 
Father 1 0.052459 - - 
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Table E.  The sample size (n), mean, standard deviation, and 95% CI of the stutter ratios by 
locus per allele for the father and paternal alleles in the children.  The smaller allele at a locus 
is designated Allele 1 in Figure C and the larger allele is designated as Allele 2 in Figure D.  
All samples were tested using the ForenSeq™ DNA Signature Prep kit. The full genotypes of 
the father and children are listed under Tables G, H, and I in Appendix D. 
Locus Allele Sample n Mean Std. dev 95% CI 
- 
Children - - - - 
Father - - - - 
D7S820 
10 
Children 5 0.057236 0.016613 0.037-0.078 
Father 4 0.062585 0.01148 0.044-0.081 
13 
Children 5 0.081078 0.018324 0.058-0.104 
Father 4 0.091143 0.014702 0.068-0.114 
D8S1179 
13 
Children 10 0.138717 0.031462 0.116-0.161 
Father 5 0.123847 0.00495 0.118-0.129 
14 
Children 4 0.140522 0.012786 0.120-0.161 
Father 5 0.123847 0.00495 0.118-0.129 
FGA 
23 
Children 8 0.171848 0.022391 0.153-0.190 
Father 5 0.170384 0.019267 0.146-0.194 
24 
Children 4 0.202065 0.023695 0.164-0.239 
Father 5 0.170384 0.019267 0.146-0.194 
vWA 
16 
Children 15 0.114844 0.033773 0.096-0.133 
Father 9 0.137467 0.048087 0.100-0.174 
- 
Children - - - - 
Father - - - - 
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Figure D.  Graph depicting the mean stutter ratio by locus per Allele 2 of the father and paternal 
alleles in the children for samples tested with the ForenSeq™ DNA Signature Prep kit.  The 
larger allele at each locus for the father was designated as Allele 2.  The mean, standard 
deviation, and 95%CI are listed in Table E.  The full genotypes of the father and children samples 
are listed under Tables G, H, and I in Appendix D. 
55 
APPENDIX C: TABLE OF SHARED MATERNAL AND PATERNAL ALLELES 
IN THE CORIELL PEDIGREE CHILDREN SAMPLES 
 
Table F.  The number of children that inherited each maternal or paternal allele by locus. 
Locus Maternal Allele Children with 
the allele 
Paternal Allele Children with 
the allele 
CSF1PO 10 9 10 9 
11 6 12 6 
D10S1248 13 7 15 6 
16 8 16 9 
D12S391 20 3 15 9 
23 12 17 6 
D13S317 12 9 11 15 
13 6 - - 
D16S539 11 7 11 5 
13 8 12 10 
D18S51 13 8 11 7 
14 7 15 8 
D19S433 13 9 13 9 
17.2 6 15 6 
D1S1656 15 8 15.3 7 
17.3 7 17.3 8 
D21S11 30 15 28 8 
- - 30 7 
D22S1045 16 15 15 9 
- - 16 6 
D2S441 11 9 11.3 9 
11.3 6 12 6 
D2S1338 19 15 19 9 
- - 23 6 
D3S1358 15 15 14 10 
- - 16 5 
D5S818 10 9 11 15 
12 6 - - 
D7S820 10 8 10 6 
12 7 13 9 
D8S1179 11 7 13 10 
13 8 14 5 
FGA 22 0 23 11 
24 15 24 4 
vWA 17 4 16 15 
18 11 - - 
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TPOX 9 9 8 5 
11 6 10 10 
TH01 9.3 15 5 10 
- - 9.3 5 
DYS391 - - 11 11 
- - - - 
Yindel - - 2 11 
- - - - 
SE33 22.2 7 15 6 
23.2 8 29.2 9 
D4S2408 9 10 8 3 
10 5 9 12 
D6S1043 11 8 13 9 
13 7 18 6 
D9S1122 11 10 11 8 
12 5 13 7 
D17S1301 13 15 11 6 
- - 12 9 
D20S482 15 9 13 4 
16 6 15 11 
PentaD 9 4 11 9 
12 10 13 5 
PentaE 17 5 7 8 
19 8 11 5 
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APPENDIX D: TABLES OF GENOTYPES FOR THE CORIELL PEDIGREE 
SAMPLES FOR CE AND NGS 
 
Table G. Table of genotypes for the Coriell Institute pedigree.  Alleles denoted as 30* indicate 
an isoallele.  Samples tested with the ForenSeq™ DNA Signature Prep kit are listed under 
NGS, and samples tested with the GlobalFiler™ PCR Amplification kit are listed under CE. 
Sample  10832 10833 12101 12102 12103 12104 12105 
Locus Method        
CSF1PO NGS 10, 12 10, 11 10, 10 10, 10 10, 10 11, 12 10, 11 
CE 10, 12 10, 11 10, 10 - 10, 10 11, 12 10, 11 
D10S1248 NGS 15, 16 13, 16 13, 15 13, 16 15, 16 16, 16 16, 16 
CE 15, 16 13, 16 13, 15 - 15, 16 16, 16 16, 16 
D12S391 NGS 15, 17 20, 23 17, 23 15, 20 17, 23 17, 23 17, 20 
CE 15, 17 20, 23 17, 23 - 17, 23 17, 23 17, 20 
D13S317 NGS 11, 11 12, 13 11, 12 11, 13 11, 12 11, 12 11, 13 
CE 11, 11 12, 13 11, 12 - 11, 12 11, 12 11, 13 
D16S539 NGS 11, 12 11, 13 11, 11 12, 13 12, 13 12, 13 12, 13 
CE 11, 12 11, 13 11, 11 - 12, 13 12, 13 12, 13 
D18S51 NGS 11, 15 13, 14 13, 15 11, 13 14, 15 11, 14 11, 13 
CE 11, 15 13, 14 13, 15 - 14, 15 11, 14 11, 13 
D19S433 NGS 13, 15 13, 
17.2 
13, 13 13, 15 15, 
17.2 
13, 
17.2 
13, 15 
CE 13, 15 13, 
17.2 
13, 13 - 15, 
17.2 
13, 
17.2 
13, 15 
D1S1656 NGS 15.3, 
17.3 
15, 
17.3 
15.3, 
17.3 
15.3, 
17.3 
15, 
15.3 
15, 
15.3 
15.3, 
17.3 
CE 15.3, 
17.3 
15, 
17.3 
15.3, 
17.3 
- 15, 
15.3 
15, 
15.3 
15.3, 
17.3 
D21S11 NGS 28, 30 30, 30 30, 
30* 
30, 
30* 
28, 30 28, 30 28, 30 
CE 28, 30 30, 30 30, 30  28, 30 28, 30 28, 30 
D22S1045 NGS 15, 16 16, 16 16, 16 16, 16  15, 16 16, 16 
CE 15, 16 16, 16 16, 16 - 15, 16 15, 16 16, 16 
D2S441 NGS 11.3, 
12 
11, 
11.3 
11.3, 
12 
11, 
11.3 
11, 
11.3 
11, 12 11, 12 
CE 11.3, 
12 
11, 
11.3 
11.3, 
12 
- 11, 
11.3 
11, 12 11, 12 
D2S1338 NGS 19, 23 19, 19 19, 19 19, 19 19, 19 19, 23 19, 19 
CE 19, 23 19, 19 19, 19 - 19, 19 19, 23 19, 19 
D3S1358 NGS 14, 16 15, 15 15, 16 14, 15 14, 15 15, 16 14, 15 
CE 14, 16 15, 15 15, 16 - 14, 15 15, 16 14, 15 
D5S818 NGS 11, 11 10, 12 10, 11 11, 12 10, 11 10, 11 11, 12 
CE 11, 11 10, 12 10, 11 - 10, 11 10, 11 11, 12 
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Table G. Table of genotypes for the Coriell Institute pedigree.  Alleles denoted as 30* indicate 
an isoallele.  Samples tested with the ForenSeq™ DNA Signature Prep kit are listed under 
NGS, and samples tested with the GlobalFiler™ PCR Amplification kit are listed under CE. 
Sample  10832 10833 12101 12102 12103 12104 12105 
Locus Method        
D7S820 NGS 10, 13 10, 12 10, 10 10, 13 10, 12 12, 13 10, 12 
CE 10, 13 10, 12 10, 10 - 10, 12 12, 13 10, 12 
D8S1179 NGS 13, 14 11, 13 11, 14 13, 14 13, 13 13, 13 13, 13 
CE 13, 14 11, 13 11, 14 - 13, 13 13, 13 13, 13 
FGA NGS 23, 24 22, 24 23, 24 23, 24 24, 24 23, 24 24, 24 
CE 23, 24 22, 24 23, 24 - 24, 24 23, 24 24, 24 
vWA NGS 16, 16 17, 18 16, 18 16, 17 16, 18 16, 18 16, 17 
CE 16, 16 17, 18 16, 18 - 16, 18 16, 18 16, 17 
TPOX NGS 8, 10 9, 11 9, 10 10, 11 8, 11 10, 11 8, 11 
CE 8, 10 9, 11 9, 10 - 8, 11 10, 11 8, 11 
TH01 NGS 5, 9.3 9.3, 
9.3 
9.3, 
9.3 
5, 9.3 9.3, 
9.3 
9.3, 
9.3 
5, 9.3 
CE 5, 9.3 9.3, 
9.3 
9.3, 
9.3 
- 9.3, 
9.3 
9.3, 
9.3 
5, 9.3 
DYS391 NGS 11 - 11 11 11 - - 
CE 11 - 11 - 11 - - 
Y Indel NGS  -    - - 
CE 2 - 2 - 2 - - 
Amelogenin NGS X, Y X, X X, Y X, Y X, Y X, X X, X 
CE X, Y X, X X, Y - X, Y X, X X, X 
SE33 NGS - - - - - - - 
CE 15, 
29.2 
22.2, 
23.2 
15, 
22.2 
- 15, 
23.2 
23.2, 
29.2 
22.2, 
29.2 
D4S2408 NGS 8, 9 9, 10 8, 10 9, 10 9, 10 9, 9 9,9 
CE - - - - - - - 
D6S1043 NGS 13, 18 11, 13 11, 18 11, 13 13, 18 13, 13 11, 13 
CE - - - - - - - 
D9S1122 NGS 11, 13 11, 12 11, 11 11, 11 11, 13 12, 13 11, 13 
CE - - - - - - - 
D17S1301 NGS 11, 12 13, 13 12, 13 12, 13 11, 13 12, 13 11, 13 
CE - - - - - - - 
D20S482 NGS 13, 15 15, 16 15, 16 15, 15 15, 16 15, 15 13, 15 
CE - - - - - - - 
PentaD NGS 11, 13 9, 12 12, 13 9, 11 - 11, 12 11, 12 
CE - - - - - - - 
PentaE NGS 7, 11 17, 19 7, 19 - - 7, 19 7, 17 
CE - - - - - - - 
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Table H.  Table of genotypes for the Coriell Institute pedigree.  Alleles denoted as 30* indicate 
an isoallele.  Samples tested with the ForenSeq™ DNA Signature Prep kit are listed under 
NGS, and samples tested with the GlobalFiler™ PCR Amplification kit are listed under CE. 
Sample  12106 12107 12108 12109 12110 12111 12112 
Locus Method        
CSF1PO NGS 10, 10 10, 12 10, 10 10, 11 10, 11 10, 12 11, 12 
CE 10 ,10 10, 12 10, 10 10, 11 10, 11 10, 12 11, 12 
D10S1248 NGS 13, 16 13, 15 13, 16 16, 16 16, 16 15, 16 16, 16 
CE 13, 16 13, 15 13, 16 16, 16 16, 16 15, 16 16, 16 
D12S391 NGS 15, 23 15, 23 15, 23 15, 23 15, 23 17, 20 15, 23 
CE 15, 23 15, 23 15, 23 15, 23 15, 23 17, 20 15, 23 
D13S317 NGS 11, 12 11, 12 11, 12 11, 12 11, 13 11, 13 11, 12 
CE 11, 12 11, 12 11, 12 11, 12 11, 13 11, 13 11, 12 
D16S539 NGS 11, 12 11, 13 11, 12 11, 11 11, 13 11, 13 11, 12 
CE 11, 12 11, 13 11, 12 11, 11 11, 13 11, 13 11, 12 
D18S51 NGS 11, 14 13, 15 14, 15 13, 15 14, 15 11, 14 13, 15 
CE 11, 14 13, 15 14, 15 13, 15 14, 15 11, 14 13, 15 
D19S433 NGS 13, 15 13, 
17.2 
13, 
17.2 
13, 13 15, 
17.2 
13, 13 13, 
17.2 
CE 13, 15 13, 
17.2 
13, 
17.2 
13, 13 15, 
17.2 
13, 13 13, 
17.2 
D1S1656 NGS 17.3, 
17.3 
17.3, 
17.3 
15, 
17.3 
15, 
15.3 
17.3, 
17.3 
15, 
17.3 
15, 
17.3 
CE 17.3, 
17.3 
17.3, 
17.3 
15, 
17.3 
15, 
15.3 
17.3, 
17.3 
15, 
17.3 
15, 
17.3 
D21S11 NGS 30, 
30* 
30, 
30* 
30, 
30* 
30, 
30* 
28, 30 28, 30 28, 30 
CE 30, 30 30, 30 30, 30 30, 30 28, 30 28, 30 28, 30 
D22S1045 NGS 15, 16 15, 16 15, 16 15, 16 15. 16 16, 16 15, 16 
CE 15, 16 15, 16 15, 16 15, 16 15, 16 16, 16 15, 16 
D2S441 NGS 11.3, 
11.3 
11.3, 
11.3 
11, 12 11.3, 
11.3 
11, 
11.3 
11.3, 
11.3 
11, 12 
CE 11.3, 
11.3 
11.3, 
11.3 
11, 12 11.3, 
11.3 
11, 
11.3 
11.3, 
11.3 
11, 12 
D2S1338 NGS 19, 23 19, 19 19, 19 19, 23 19, 19 19, 23 19, 19 
CE 19, 23 19, 19 19, 19 19, 23 19, 19 19, 23 19, 19 
D3S1358 NGS 15, 16 15, 16 14, 15 15, 16 14, 15 14, 15 14, 15 
CE 15, 16 15, 16 14, 15 15, 16 14, 15 14, 15 14, 15 
D5S818 NGS 11, 12 11, 12 10, 11 10, 11 10, 11 11, 12 10, 11 
CE 11, 12 11, 12 10, 11 10, 11 10, 11 11, 12 10, 11 
D7S820 NGS 10, 13 12, 13 10, 12 10, 13 10, 13 10, 13 10, 12 
CE 10, 13 12, 13 10, 12 10, 13 10, 13 10, 13 10, 12 
D8S1179 NGS 11, 13 13, 13 11, 14 13, 13 11, 14 11, 13 11, 13 
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Table H.  Table of genotypes for the Coriell Institute pedigree.  Alleles denoted as 30* indicate 
an isoallele.  Samples tested with the ForenSeq™ DNA Signature Prep kit are listed under 
NGS, and samples tested with the GlobalFiler™ PCR Amplification kit are listed under CE. 
Sample  12106 12107 12108 12109 12110 12111 12112 
Locus Method        
CE 11, 13 13, 13 11, 14 13, 13 11, 14 11, 13 11, 13 
FGA NGS 24, 24 23, 24 23, 23 23, 24 23, 24 24, 24 23, 23 
CE 24, 24 23, 24 23, 23 23, 24 23, 24 24, 24 23, 23 
vWA NGS 16, 18 16, 18 16, 18 16, 18 16, 18 16, 17 16, 18 
CE 16, 18 16, 18 16, 18 16, 18 16, 18 16, 17 16, 18 
TPOX NGS 9, 10 9, 10 8, 9 9, 10 9, 10 9, 10 10, 11 
CE 9, 10 9, 10 8, 9 9, 10 9, 10 9, 10 10, 11 
TH01 NGS 5, 9.3 5, 9.3 5, 9.3 5, 9.3 9.3, 
9.3 
5, 9.3 5, 9.3 
CE 5, 9.3 5, 9.3 5, 9.3 5, 9.3 9.3, 
9.3 
5, 9.3 5, 9.3 
DYS391 NGS 11 11 11 11 - 11 11 
CE 11 11 11 11 - 11 11 
Y Indel NGS     -   
CE 2 2 2 2 - 2 2 
Amelogenin NGS X, Y X, Y X, Y X, Y X, X X, Y X, Y 
CE X, Y X, Y X, Y X, Y X, X X, Y X, Y 
SE33 NGS - - - - - - - 
CE 22.2, 
29.2 
15, 
23.2 
23.2, 
29.2 
22.2, 
26.2 
23.2, 
29.2 
15, 
22.2 
15, 
22.2 
D4S2408 NGS 8, 10 9, 9 9, 10 9, 9 9, 9 9, 9 9, 9 
CE - - - - - - - 
D6S1043 NGS 11, 13 13, 18 13, 13 11, 13 13, 13 11, 18 11, 18 
CE - - - - - - - 
D9S1122 NGS 11, 11 11, 11 12, 13 11, 11 12, 13 11, 12 11, 14 
CE - - - - - - - 
D17S1301 NGS 11, 13 12, 13 11, 13 11, 13 11, 13 12, 13 12, 13 
CE - - - - - - - 
D20S482 NGS 15, 15 13, 15 15, 16 15, 15 13, 14 15, 16 13, 15 
CE - - - - - - - 
PentaD NGS 11, 12 12, 13 9, 11 11, 12 11, 12 9, 11 11, 12 
CE - - - - - - - 
PentaE NGS 7, 17 11, 17 11, 19 11, 19 11, 17 7, 19 11, 17 
CE - - - - - - - 
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Table I.  Table of genotypes for the Coriell Institute pedigree.  Alleles denoted as 30* indicate 
an isoallele.  Samples tested with the ForenSeq™ DNA Signature Prep kit are listed under 
NGS, and samples tested with the GlobalFiler™ PCR Amplification kit are listed under CE. 
Sample  12113 12114 12115 12116 12117 
Locus Method      
CSF1PO NGS 11, 12 10, 12 10, 10 10, 11 11, 13 
CE 11, 12 10, 12 10, 10 10, 11 11, 13 
D10S1248 NGS 13, 15 15, 16 13, 16 12, 16 13, 16 
CE 13, 15 15, 16 13, 16 12, 16 13, 16 
D12S391 NGS 15, 23 15, 23 17, 23 15, 21 19 ,23 
CE 15, 23 15, 23 17, 23 15, 21 19, 23 
D13S317 NGS 11, 12 11, 13 11, 13 11, 13 12, 12 
CE 11, 12 11, 13 11, 13 11, 13 12, 12 
D16S539 NGS 11, 12 11, 12 12, 13 9, 11 11, 12 
CE 11, 12 11, 12 12, 13 9, 11 11, 12 
D18S51 NGS 14, 15 11, 13 11, 13 15, 15 14, 18 
CE 14, 15 11, 13 11, 13 15, 15 14, 18 
D19S433 NGS 13, 13 13, 13 13, 15 13, 15 14, 17.2 
CE 13, 13 13, 13 13, 15 13, 15 14, 17.2 
D1S1656 NGS 15.3, 17.3 15, 17.3 15, 17.3 15, 15.3 15, 17.3 
CE 15.3, 17.3 15, 17.3 15, 17.3 15, 15.3 15, 17.3 
D21S11 NGS 30, 30* 28, 30 28, 30 26, 28 29, 30 
CE 30, 30 28, 30 28, 30 26, 28 29, 30 
D22S1045 NGS 16, 16 16, 16 15, 16 16, 16 16, 16 
CE 16, 16 16, 16 15, 16 16, 16 16, 16 
D2S441 NGS 11, 11.3 11.3, 
11.3 
11, 12 12, 14 11, 14 
CE 11, 11.3 11.3, 
11.3 
11, 12 12, 14 11, 14 
D2S1338 NGS 19, 23 19, 19 19, 23 19, 20 17, 19 
CE 19, 23 19, 19 19, 23 19, 20 17, 19 
D3S1358 NGS 14, 15 14, 15 14, 15 16, 16 15, 17 
CE 14, 15 14, 15 14, 15 16, 16 15, 17 
D5S818 NGS 10, 11 10, 11 11, 12 11, 11 10, 11 
CE 10, 11 10, 11 11, 12 11, 11 10, 11 
D7S820 NGS 12, 13 10, 13 10, 10 8, 10 11, 12 
CE 12, 13 10, 13 10, 10 8, 10 11, 12 
D8S1179 NGS 13, 13 13, 13 11, 14 12, 13 8, 13 
CE 13, 13 13, 13 11, 14 12, 13 8, 13 
FGA NGS 23, 24 23, 24 23, 23 20, 23 23, 25 
CE 23, 24 23, 24 23, 23 20, 23 23, 25 
vWA NGS 16, 18 16, 18 16, 17 16, 17 17, 18 
CE 16, 18 16, 18 16, 17 16, 17 17, 18 
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Table I.  Table of genotypes for the Coriell Institute pedigree.  Alleles denoted as 30* indicate 
an isoallele.  Samples tested with the ForenSeq™ DNA Signature Prep kit are listed under 
NGS, and samples tested with the GlobalFiler™ PCR Amplification kit are listed under CE. 
Sample  12113 12114 12115 12116 12117 
Locus Method      
TPOX NGS 8, 9 8, 11 9, 10 10, 11 11, 11 
CE 8, 9 8, 11 9, 10 10, 11 11, 11 
TH01 NGS 5, 9.3 5, 9.3 9.3, 9.3 5, 9.3 9.3, 9.3 
CE 5, 9.3 5, 9.3 9.3, 9.3 5, 9.3 9.3, 9.3 
DYS391 NGS 11 - 11 - - 
CE 11 - 11 - - 
Y Indel NGS - -  - - 
CE - - 2 - - 
Amelogenin NGS X, Y X, X X, Y X, X X, X 
CE X, Y X, X X, Y X, X X, X 
SE33 NGS - - - - - 
CE 23.2, 29.2 15, 22.2 23.2, 29.2 15, 26.2 22.2, 
28.2 
D4S2408 NGS 9, 9 9, 9 8, 9 9, 9 9, 10 
CE - - - - - 
D6S1043 NGS 13, 13 11, 18 13, 13 18, 18 11, 12 
CE - - - - - 
D9S1122 NGS 11, 12 11, 13 11, 13 13, 13 12, 13 
CE - - - - - 
D17S1301 NGS 12, 13 12, 13 12, 13 11, 12 12, 13 
CE - - - - - 
D20S482 NGS 15, 16 15, 15 15, 16 13, 15 14, 15 
CE - - - - - 
PentaD NGS 12, 13 12, 13 9, 13 11, 13 15, 15 
CE - - - - - 
PentaE NGS 7, 19 7, 19 7, 19 7, 17 17, 19 
CE - - - - - 
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